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ABSTRACT OF DISSERTATION 
 
 
 
ASSESSMENT OF DIETARY ENZYME SUPPLEMENTATION ON ILEAL AND TOTAL 
TRACT DIGESTIBILITIES IN GESTATING AND LACTATING SWINE 
 
The objective of this dissertation was to evaluate the effects of exogenous enzyme 
supplementation to gestation-lactation diets on the digestibility of nutrients in mature swine 
females and the associated implications on energy metabolism during gestation and lactation 
physiologic states. Three experiments were performed to evaluate the effects of commercially 
available enzyme products or pure enzymes on the digestibility of nutrients. Crossover designs in 
two periods during gestation (early and late gestation) and lactation were studied to obtain an 
increased number of observations from the surgically cannulated sows. 
Experiment 1 evaluated the effects of two enzyme products supplemented to a practical 
corn soybean meal diet fed to second parity crossbred sows. One of the enzyme products 
contained both protease and cellulase activities, and the other xylanase activity, both products 
were produced by microbial fermentation. No effects (P > 0.10) were observed during either 
periods during gestation. During lactation, effects of both enzyme products were observed for 
digestibility of nutrients. Protease/cellulase supplementation increased ileal digestibility of gross 
energy (P < 0.09). Xylanase supplementation produced higher ileal digestibilities of dry matter, 
nitrogen and gross energy (P < 0.02), improvements that were maintained for the total tract 
digestibilities (P < 0.05). 
Experiment 2 evaluated pure exogenous enzymes added to a practical corn soybean meal 
diet fed to multiparous crossbred sows. Alpha-galactosidase and protease were supplemented 
either alone or in combination to a control diet and compared to a non-supplemented diet during 
   
  
periods in gestation and lactation. The observed increases in ileal digestibilities in lactation in 
Experiment 1 for dry matter, nitrogen and gross energy were observed as tendencies (P < 0.15) 
during lactation on Experiment 2. 
Experiment 3 evaluated a semipurified diet (with soybean meal as the only protein 
source) supplemented or not with an enzyme product containing protease and cellulase activities 
from microbial fermentation. Multiparous crossbred sows were fed the semipurified diet for two 
periods during gestation and two weeks during lactation. Effects of the enzyme product (P < 
0.10) on nutrient digestibility were observed during gestation. Apparent digestibilities of 
nitrogen were greater for the supplemented diet. In addition, there were observed tendencies (P < 
0.15) for higher ileal digestibilities of dry matter and gross energy for the supplemented diet 
during gestation. No effects (P > 0.10) were observed during lactation period for any of the 
response variable tested. However, tendencies (P < 0.15) of higher DM and GE total tract 
digestibilities were observed in lactation for the supplemented diet. 
According to the results observed in the three experiments, the supplementation of 
exogenous enzymes to gestation and lactation diets has the potential to increase the ileal 
digestibilities of dry matter, nitrogen, and gross energy, especially during the lactation period.  
 
 
KEYWORDS: Sow Nutrition, Microbial Enzymes, Ileal Digestibility, Total Tract Digestibility, 
Soybean Meal 
 
 
 
   
  
 
 
 
 
 
 
ASSESSMENT OF DIETARY ENZYME SUPPLEMENTATION ON ILEAL AND TOTAL 
TRACT DIGESTIBILITIES IN GESTATING AND LACTATING SWINE 
 
 
 
By 
Ana Lúcia Pozzobon de Souza 
 
 
 
 
 
 
 
 
 
         Merlin D. Lindemann 
Director of Dissertation 
 
David L. Harmon 
Director of Graduate Studies 
 
 
   
    
 
 
 
RULES FOR THE USE OF DISSERTATIONS 
 
 
Unpublished dissertations submitted for the Doctors degree and deposited in the University of 
Kentucky Library are as a rule open for inspection, but are to be used only with due regard to the 
rights of the authors. Bibliographical references may be noted, but quotations or summaries of 
parts may be published only with the permission of the author, and with the usual scholarly 
acknowledgments. 
 
Extensive copying or publication of the dissertation in whole or in part also requires the consent 
of the Dean of the Graduate School of the University of Kentucky. 
 
A library that borrows this dissertation for use by its patrons is expected to secure the signature 
of each user. 
   
    
 
 
 
 
 
DISSERTATION 
 
 
 
 
Ana Lúcia Pozzobon de Souza 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Graduate School 
Lexington, Kentucky 
2003 
   
    
 
 
 
 
ASSESSMENT OF DIETARY ENZYME SUPPLEMENTATION ON ILEAL AND TOTAL 
TRACT DIGESTIBILITIES IN GESTATING AND LACTATING SWINE  
 
 
 
________________________________ 
DISSERTATION 
________________________________ 
 
A dissertation submitted in partial fulfillment of the  
requirements for the degree of Doctor of Philosophy in the 
College of Agriculture at the University of Kentucky 
 
 
 
 
 
 
 
By 
Ana Lúcia Pozzobon de Souza 
Lexington, Kentucky 
Director: Dr. Merlin D. Lindemann, Professor of Animal Sciences 
Lexington, Kentucky 
2003 
   
    
 
 
 
 
 
 
 
 
 
 
To my mother Nair Elisa 
   
 iii   
ACKNOWLEDGMENTS 
 
 
At this time I would like to thank several people for their guidance and/or help 
throughout the years I spent in the University of Kentucky working on this dissertation. I want to 
thank my advisor, Dr. Merlin D. Lindemann, for being an exceptional human being and teacher. 
His guidance on ideas, discussing and reasoning, giving me the stimulus to create and the 
opportunity to express my ideas openly, creating a more aware, and inquisitive oriented mind is 
appreciated. I specially thank him and his wife for their support through some difficult times. I 
am also thankful to the committee members, Dr. Austin Cantor, Dr. David L. Harmon, Dr. Gary 
L. Cromwell, and the outside examiner, Dr. Todd Pfeiffer, for participating in my education. I 
would like to thank Dr. David Harmon, Ms. Dani A. True, and Dr. Noel Inocencio for their help 
in performing surgeries; Dr. Herbert Strobel for his advice, guidance and technical support; Dr. 
Knud Erik Bach Knudsen from the Danish Institute of Agricultural Sciences for sharing 
scientific information and advice. I would like to especially thank Jim Monegue and the Swine 
Research farm crew, William Patton, William Graham and Robert Elliot for their extensive help 
during the animal experiments, as well as David Higginbotham for preparing the diets at the 
Coldstream Feed Mill. I thank Alltech, Inc. for their financial and technical support, which 
provided conditions for this project to exist. I thank my fellow graduate students, Jorge H. 
Agudelo, Eduardo G. Xavier, L. Allen Pettey, Terry A. Meyer, and Kátia C. Guimarães, for their 
companionship, and for always being willing to help and to discuss issues related to our projects.  
Finally and foremost I want to thank my parents, Jaime (in memory) and Nair Elisa 
Pozzobon de Souza, for their love and comprehension in times when not even I knew what 
would happen, for standing up for me all my life and for instilling in me the will, as well as 
giving me the opportunity, to pursue my choice of career. I will always be grateful to my 
brothers and sisters, Elizabeth, Nicolau, Luiz, Jair, Raimundo (in memory), Joaquim and Gisela, 
for being proud of me and supportive at all times. I also want to thank my friends in Brazil and in 
the US, for their companionship, help, and moral support and for understanding when I was not 
in my best mood. 
 
   
 iv   
TABLE OF CONTENTS 
 
AKNOWLEDGMENTS................................................................................................................ iii 
 
LIST OF TABLES......................................................................................................................... ix 
 
LIST OF FIGURES ....................................................................................................................... xi 
 
LIST OF FILES ............................................................................................................................ xii 
 
Chapter 1 
Introduction....................................................................................................................................1 
 
Chapter 2 
Literature review 
Introduction......................................................................................................................................4 
Specific factors related to nutrition of reproductive swine females ................................................7 
Feeding regime during estrus, gestation and lactation and its impacts on reproduction ..........7 
Nutrient utilization and mobilization......................................................................................10 
Reproductive performance......................................................................................................12 
Factors affecting digestion and digestibility ..................................................................................15 
Feed intake .............................................................................................................................15 
Fiber content of the diet ..........................................................................................................16 
Non digestible and partially digestible fractions in feedstuffs used in swine diets 
Fiber fraction .....................................................................................................................16 
Legume and corn carbohydrates .......................................................................................18 
Effects of DF composition on performance and digestibility of nutrients ....................18 
Soluble saccharides and RFO............................................................................................20 
Metabolism of RFO in plants........................................................................................24 
Exogenous enzymes and their enzymatic activity ..................................................................28 
Xylanase, cellulase, protease and alpha-galactosidase ....................................................28 
   
 v   
Exogenous enzymes in animal diets .......................................................................................30 
Microbial population ..............................................................................................................36 
Swine gastrointestinal (GI) tract digestion in relation to dietary fiber ..........................................37 
Stomach .................................................................................................................................38 
Small intestine ........................................................................................................................38 
Large intestine .......................................................................................................................39 
 
Chapter 3 
Development of technologies and concepts 
Introduction....................................................................................................................................41 
Surgical ileal cannulation...............................................................................................................41 
Observations and issues related to surgical procedures..........................................................42 
Ileal digesta collection ...................................................................................................................43 
Protocol for determination of sugars .............................................................................................44 
Literature review for assays to determine RFO sugars...........................................................44 
Initial tests and evaluation of technologies 
Evaluation of HPLC...........................................................................................................44 
Considerations and following steps ...................................................................................45 
Evaluation of GC ...............................................................................................................45 
Derivative forms for carbohydrate analysis by GC ...........................................................45 
Derivatization process .......................................................................................................46 
Extraction and preparation of samples ...................................................................................46 
Testing the accuracy of the assay ...........................................................................................47 
 
Chapter 4 
General Methodology 
Animals ..........................................................................................................................................49 
Surgeries ........................................................................................................................................49 
Enzymes/enzyme products.............................................................................................................50 
Diets ...............................................................................................................................................50 
Laboratory procedures 
   
 vi   
Determinations of dry matter (DM), nitrogen (N), chromium, and gross energy (GE) .........50 
Determination of neutral detergent fiber and acid detergent fiber .........................................51 
Determination of mono-, di-, and oligosaccharides................................................................51 
Apparent digestibility calculations .........................................................................................51 
Ileal digesta and fecal collections ..................................................................................................52 
Handling of samples ...............................................................................................................52 
Data collection (gross reproductive performance).........................................................................52 
Statistics and interpretation of data results ....................................................................................52 
Background information and reasoning on power calculations .............................................53 
Significance level (α) .............................................................................................................54 
Sample size and reliability of sample results..........................................................................55 
Effect size ...............................................................................................................................55 
Examples of power analysis ...................................................................................................55 
Proving the null hypothesis ....................................................................................................56 
 
Chapter 5 
Effects of exogenous enzyme supplementation on the digestibility of gestation-lactation 
swine diets 
Summary ........................................................................................................................................61 
Introduction....................................................................................................................................62 
Material and methods 
Animals...................................................................................................................................63 
Treatment diets .......................................................................................................................63 
Collections ..............................................................................................................................65 
Laboratory analysis.................................................................................................................66 
Perfomance data......................................................................................................................66 
Experimental design and statistical analysis...........................................................................67 
Pre-experimental procedures ..................................................................................................69 
Results and discussion ...................................................................................................................69 
Implications....................................................................................................................................77 
 
   
 vii   
Chapter 6 
Exogenous pure enzymes effects on the digestibility of gestation-lactation swine diets 
Summary ........................................................................................................................................79 
Introduction....................................................................................................................................80 
Material and methods 
Animals...................................................................................................................................81 
Treatment diets .......................................................................................................................81 
Collections ..............................................................................................................................83 
Laboratory analysis.................................................................................................................84 
Performance data ....................................................................................................................84 
Experimental design and statistical analysis...........................................................................84 
Results and discussion ...................................................................................................................86 
Implications....................................................................................................................................92 
 
Chapter 7 
Effect of VegPro® on the digestibility of soybean meal in gestation-lactation swine diets 
Summary ........................................................................................................................................93 
Introduction....................................................................................................................................94 
Material and methods 
Animals...................................................................................................................................94 
Treatment diets .......................................................................................................................95 
Collections ..............................................................................................................................96 
Laboratory analysis.................................................................................................................97 
Performance data ....................................................................................................................98 
Experimental design and statistical analysis...........................................................................98 
Results and discussion ...................................................................................................................99 
Implications..................................................................................................................................106 
 
Chapter 8 
General discussion of results and methodologies 
Summary of experimental results ................................................................................................108 
   
 viii   
Methodologies..............................................................................................................................109 
Ileal and total tract digestibilities.................................................................................................111 
General enzyme effects on the digestibility of the diets ..............................................................112 
Effects of enzymes on RFO ileal digestibility .............................................................................113 
Discussion on power analysis ......................................................................................................114 
Opportunities for future research .................................................................................................117 
 
APPENDICES 
Appendix 1: Dry matter determination ........................................................................................118 
Appendix 2: Nitrogen determination ...........................................................................................119 
Appendix 3: Chromium determination (from chromic oxide).....................................................120 
Appendix 4: Gross energy determination ....................................................................................122 
Appendix 5: ADF and NDF determinations ................................................................................124 
Appendix 6: Determination for mono-, di-, and oligosaccharides...............................................127 
Appendix 7: Ileal cannulation - surgical procedures ...................................................................130 
Appendix 8: Observations and issues related to surgical procedures ..........................................132 
Appendix 9: Complementary data to experiment 1 .....................................................................136 
Appendix 10: Complementary data to experiment 2 ...................................................................140 
Appendix 11: Complementary data to experiment 3 ...................................................................144 
Appendix 12: List of abbreviations..............................................................................................148 
 
References ...................................................................................................................................150 
 
Vita ..............................................................................................................................................163 
   
 ix   
LIST OF TABLES 
 
Table 2.1. Classification of the principal dietary carbohydrates .....................................................6 
Table 2.2. Means for milk production, milk protein, litter weight gain, sow body weight and 
mammary parenchyma weight ......................................................................................11 
Table 2.3. Variation in milk composition between mammals .......................................................14 
Table 2.4. Carbohydrate and lignin (g/kg, DM) in corn and soybean protein concentrates..........23 
Table 4.1. Power calculations using example 2.1 from Cohen (1987) ..........................................57 
Table 4.2. Power calculations using example 2.6 from Cohen (1987) ..........................................58 
Table 4.3. Power calculations using actual data for apparent ileal digestibilities in gestating sows 
from Stein et al. (1999a) ...............................................................................................59 
Table 4.4. Power calculations using actual data for apparent ileal digestibilities in growing pigs 
from Smiricky et al. (2002)...........................................................................................60 
Table 5.1. Treatment diets for all collection periods .....................................................................64 
Table 5.2. Analyzed chemical composition of treatment diets for baseline collection and 
Experiment 1 .................................................................................................................65 
Table 5.3. Allotment of sows to dietary treatments .......................................................................67 
Table 5.4. Statistics for apparent digestibilities observed during baseline collections..................68 
Table 5.5. Number of animals, average weight by treatment and period for pregnant sows ........69 
Table 5.6. Number of animals, average weight by treatment and period for non-pregnant sows 
and gilt...........................................................................................................................70 
Table 5.7. Least Square Means for nutrient ileal and total tract digestibilities (%) for nonpregnant 
females ..........................................................................................................................71 
Table 5.8. LSMeans for apparent ileal digestibilities (%) during gestation ..................................74 
Table 5.9. LSMeans for total tract digestibilities (%) during gestation ........................................75 
Table 5.10. LSMeans for apparent ileal digestibilities (%) during lactation .................................76 
Table 5.11. LSMeans for total tract digestibilities (%) during lactation .......................................77 
Table 6.1. Treatment diets for all collection periods .....................................................................82 
Table 6.2. Analyzed chemical composition of diets ......................................................................83 
Table 6.3. Allotment of sows to dietary treatments .......................................................................85 
Table 6.4. Number of animals, average weight by treatment and period for pregnant sows ........86 
   
 x   
Table 6.5. LSMeans for apparent ileal digestibilities (%) during gestation ..................................88 
Table 6.6. LSMeans for total tract digestibilities (%) during gestation.........................................89 
Table 6.7. LSMeans for apparent ileal digestibilities (%) during lactation ...................................90 
Table 6.8. LSMeans for total tract digestibilities (%) during lactation .........................................91 
Table 7.1. Treatment diets for all collection periods .....................................................................96 
Table 7.2. Analyzed chemical composition of diets per period in DM basis ................................97 
Table 7.3. Allotment of sows to dietary treatments .......................................................................98 
Table 7.4. Number of animals, average weight by treatment and period for pregnant sows ......100 
Table 7.5. LSMeans for apparent ileal digestibilities (%) during gestation ................................103 
Table 7.6. LSMeans for total tract digestibilities (%) during gestation.......................................104 
Table 7.7. LSMeans for apparent ileal digestibilities (%) during lactation .................................105 
Table 7.8. LSMeans for total tract digestibilities (%) during lactation .......................................106 
Table 8.1. Change in ileal digestibilities of control diet for DM, GE, ADF and NDF, for the first 
two experiments reported in this dissertation .............................................................112 
Table 8.2 Examples of power calculations for lactation during Exp. 1 with comparisons between 
Control and Enz 1 .......................................................................................................115 
Table 8.3. Examples of power calculations for lactation period during Exp. 1 with comparisons 
between Control and Enz 2 .........................................................................................116 
Table 8.4. Examples of power calculations for lactation period during Exp. 2 with comparisons 
between non enzyme and α-galactosidase supplemented diets ..................................116 
 
 
 
   
 xi   
LIST OF FIGURES 
 
Figure 2.1. Proposed classification for dietary fiber........................................................................5 
Figure 2.2. Raffinose family oligosaccharides ..............................................................................21 
Figure 2.3. Schematic representation of biosynthetic pathways of raffinose oligosaccharides and 
galactosyl cyclitols......................................................................................................26 
Figure 2.4. Patterns of change in oligosaccharides of soybean seeds during maturation..............27 
Figure 3.1. Stainless steel T-cannula .............................................................................................42 
Figure 3.2. Sow surgically fitted with double L PVC cannula...................................................43 
Figure 3.3. Gilt surgically fitted with double L PVC cannula ...................................................43 
Figure 3.4. New positioning of cannula.........................................................................................44 
Figure 3.5. Diet results for % of sucrose plotted against % SBM in the diet ................................47 
Figure 3.6. Diet results for % of raffinose plotted against % SBM in the diet ..............................48 
Figure 3.7. Diet results for % of stachyose plotted against % SBM in the diet.............................48 
Figure 3.8. Results for mixtures of corn and SBM........................................................................48  
 
 
   
 xii   
LIST OF FILES 
 
Alps2003.pdf.......................................................................................................................... 815KB 
 
   
 1   
Chapter 1 
 
INTRODUCTION 
 
With technological advancements, opportunities for improvement of some areas of swine 
production not previously considered have arisen. With the development of microbial and fungal 
enzyme products, there has been an increasing interest in using supplemental enzymes or enzyme 
products in animal nutrition.  
Enzyme products have been extensively tested in poultry, cattle, and growing/finishing 
swine diets, focusing on different feedstuffs or particular fractions of the feed (e.g., protein, non-
digestible oligosaccharides [NDO], cellulose, phytic acid associated to plant composition, 
xylans, glucans, etc.). The most promising effects of the use of enzymes in animal diets have 
been observed with young rapidly growing animals, such as broiler chickens (Schang et al., 
1997; Kocher et al., 2000; Mathlouthi et al., 2002) and growing/finishing pigs (Gdala et al., 
1997ab; Baucells et al., 2000; Mavromichalis et al., 2000; Yin et al., 2000ab; van der Meulen et 
al., 2001; Smiricky et al., 2002). However, results have not always been positive and may be 
situation - or feedstuff - specific. Some researchers have pointed out that the use of enzymes in 
nonruminant diets may not show benefits when the diets are formulated to exceed animal 
nutrient requirements (Charlton, 1996; Schang et al., 1997). Supplementation of exogenous 
enzymes may be a means to improve low digestibility of components from soluble fiber (from 
the cell wall fraction of cereal grains) added to young animal diets. However, more specific 
enzyme activities must be selected to produce higher efficiency of digestion of dietary fiber (DF) 
components and subsequent absorption of released entrapped constituents (Chesson, 1994). The 
fiber component of the diet is recognized to add an important source of energy to pregnant sows 
as it is processed through microbial fermentation in the gastrointestinal tract (Schoknecht, 1997). 
Carbohydrate chemical components and how they are located in plant feed sources may 
impact factors such as satiety and flow rate of digesta, affecting digestion and absorption of 
different fractions of the total carbohydrates present in the diet (Cummings et al., 1997) as well 
as protein and lipid components (Van Loo et al., 1999). Several researchers have studied 
digestion and absorption of carbohydrate fractions related to exogenous enzyme addition to the 
diets. Yin et al. (2000b) observed positive results on total tract apparent digestibility of dry 
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matter (DM), crude protein (CP) and gross energy (GE) associated with the addition of xylanase 
to growing pig diets that were based on wheat or its by-products. However, when Kocher et al. 
(2000) tested broiler diets based on two different lupin varieties, supplemented with enzyme 
preparations containing either 1) cellulase, β-glucanase and xylanase, 2) hemicellulase, 
pentosanase and xylanase, or 3) hemicellulase, pectinase and β-glucanase activities they only 
observed positive effects on the ileal digestibility of non-starch polysaccharides (NSP) in one 
variety of lupin species (Lupin albus) while no effects were observed with an alternate variety 
(Lupin angustifolius).  
How sows perform during gestation and lactation, that is, how many pigs they farrow, 
how much weight those pigs gain during lactation and how long it takes to rebreed the sow after 
weaning, directly affects the total productivity in a swine farm. Much of this performance is 
related to the body condition of the sow during lactation. This body condition is very much a 
function of feed or nutrient intake, which is generally limiting. The possibility of increasing 
performance as a whole as a consequence of improving diet digestibility (and, thus, nutrient 
supply) may have an important impact in swine production. During lactation, sows rely on blood 
glucose for lactose production in the mammary gland. Lactose drives the volume of milk 
produced, impacting litter weight at weaning and piglet survival rate. When dietary glucose 
levels do not support milk production, body reserves will be drawn upon to assure proper milk 
production and piglet survival. If improvements in digestibility of nutrients such as DM, nitrogen 
(N), GE, acid detergent fiber (ADF - measures cellulose and lignin), neutral detergent fiber 
(NDF - measures hemicellulose, cellulose and lignin) and non-digestible oligosaccharides 
present in the conventional sow diets can be enhanced by supplementation of exogenous 
enzymes, then total energy available to sows may be improved without increasing actual daily 
feed intake. Sow nutrition has not been extensively researched as a potential area for enzyme 
utilization and for benefits from this technology. 
The research described herein focused on questions regarding potential improvements in 
nutrition of sows. Initially, the use of microbial enzymes products (with combinations of enzyme 
activities) in practical diets for gestation and lactation and their effects on ileal and total tract 
digestibility of nutrients were examined. Secondly, the effects of individual microbial enzymes 
on ileal and total tract digestibility in practical diets fed to sows during gestation and lactation 
were examined. And finally, the effects of a microbial enzyme product on ileal and total tract 
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digestibility of a semi-purified diet based on soybean meal fed to sows during gestation and 
lactation were examined. The questions were addressed with respect to the digestibility effects 
and the probable effects on energy release to the sows. The hypothesis presented in this 
dissertation is that the inclusion of exogenous enzymes to the diets of gestating and lactating 
swine would act upon chemical components releasing more nutrients to the animal. The nutrients 
of interest in the study were dry matter, nitrogen, energy (measured as gross energy), fiber 
components (measured as neutral and acid detergent fiber components), and some specific sugars 
(fructose, glucose + galactose, sucrose, raffinose, stachyose and verbascose). 
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Chapter 2 
 
LITERATURE REVIEW 
 
Introduction 
Total nutrient supply to an animal for the maintenance of life and production will be a 
function of the total dietary intake and the digestibility of that diet. Several components in swine 
diet can be responsible for significant effects on apparent digestibility values in pigs. Sows in 
particular can present a very distinct effect for different sources of DF in their diet. Ramonet et 
al. (2000) studied the effects of diets with different fiber contents. Using NDF to measure fiber, a 
low fiber diet enriched with starch, a high fiber diet using sugar beet pulp, and a high fiber diet 
using wheat bran were formulated to contain different NDF contents. They observed a decreased 
fecal digestibility of energy when the NDF content of the diet increased. However, sows were 
more efficient digesting hemicelluloses and cellulose present in the sugar beet pulp than the more 
lignified components present in wheat bran. Behavioral effects during gestation were observed 
with sows on high fiber diets exhibiting lower occurrence of oral activities (e.g., chewing) and 
standing time. Similar results were observed by Ramonet et al. (1999). 
Carbohydrates serve a variety of functions in the diet. They are not only considered a 
source of nutrients for the pig itself, but might also provide (with their indigestible portions) 
source of nutrients for microorganisms in the terminal ileum and large intestine, provide 
adequate conditions to prevent pathogenic bacteria to develop and also create an environment in 
which the presence of beneficial microorganisms prevent changes in cell structures and function 
that may lead to cancer development. Additionally, dietary carbohydrates can serve as: energy 
supply, protein glycosylation donor, through bulk of some components produce satiety and 
decrease rate of passage through the gastrointestinal (GI) tract, modifier of the controls of blood 
glucose and insulin depending on the nature of the carbohydrate present in the diet (Rérat, 1996) 
and cholesterol moderation factor through the soluble fiber effect (Roy et al., 2000). A proposed 
classification of major dietary carbohydrates is presented in Table 2.1. Physical structures and 
how they are located in plant food/feed sources impact factors as satiety and flow rate of digesta, 
which would affect digestion and absorption of different fractions of the total dietary constituents 
present in the diet. Other authors pointed out that a new approach to how dietary carbohydrates 
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are chemically classified should be studied as a mean to better appreciate the health importance 
of those fractions in the diet (Cummings et al., 1997). 
     Upper Gut 
                   ____________________ Dietary Fiber ________________________ 
 
                  Lower Gut 
 
 
 
 
                       Microbially degradable     Microbially undegradable 
 
 
 
 
 
 
 
                   
 
 
 
 
 
 
 
                   
Figure 2.1. Proposed classification for dietary fiber (Ha et al., 2000) 
There are different approaches used when defining dietary fiber (DF). In the last two 
decades different strategies on how to define DF have been suggested with no definitive solution 
on which would be more appropriate. The discussion has mainly been on using a chemical 
composition definition or a physiological function definition. Both have their merits but neither 
is completely accepted by nutritionists and chemists. Ha et al. (2000), in a review article 
discussed both definitions and proposed yet a third definition that would include both 
physiological and chemical approaches as shown in Figure 2.1. The authors proposed this 
broader physiological definition based on advances in human and animal nutrition, as well as in 
plant cell wall science. They proposed that more specific chemical tests related to the 
physiological role of DF should be developed (which might be a challenge and in some areas 
might not be attainable) such as reliable in vitro tests to mimic specific fractions digestion by an 
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animal or a human subject. Comprehending the basics of DF digestion in the swine 
gastrointestinal tract is imperative to understand those concepts. 
 
Table 2.1. Classification of the principal dietary carbohydrates a,b. 
Major classes (DP) Sub-groups (type of monosaccharide 
and α or β bonds) 
Physiology 
Sugars (1-2) Monosaccharides 
     Glucose, fructose 
Absorbed from small intestine  
     Glucose and sucrose give rapid glycemic      
       responses 
 Disaccharides 
     Sucrose, maltose, trehalose 
     Lactose 
 
Absorbed after disaccharidase action 
Lactose is fermented in many human 
populations 
 Sugar alcohols 
     Sorbitol, maltitol, lactitol 
 
Poorly absorbed and partly fermented 
 
Oligosaccharides (3-10) 
 
Malto-oligosaccharides (α-glucan) 
 
A. Digestible - digested and absorbed from 
small intestine and give rapid glycemic 
response 
B. Resistant - pass into the large intestine and 
may be fermented 
  
Other oligosaccharides (NDO) 
      Fructooligosaccharides 
      Galactooligosaccharides 
 
 
Fermented. Some selectively stimulate growth 
of bifidobacteria in large intestine 
 
Polysaccharides (10)c 
 
Starch (α-glucans) 
 
A. Digestible  varying rates of digestion and 
glycemic responses 
B. Resistant  not absorbed in small intestine. 
May be fermented, and affect large intestine 
function 
  
Non starch polysaccharides (NSP) 
 
A. Cell wall - contribute to regulation of 
carbohydrate digestion in small intestine. 
Fermented mostly but dependent on cell 
wall structure; major determinant of large 
intestine function; provide physical 
structure to plant foods 
B. Non cell wall - fermented to a variable 
degree. Varying effects on carbohydrate and 
lipid absorption and in the large intestine. 
a Adapted from Cummings et al., 1997. 
b DP = Degree of Polymerization or the number of monosaccharide units which make up the molecule. For isolated 
(synthetic) oligosaccharides used as food ingredients DP refers to the average value.  
c In practice the division between oligosaccharides and polysaccharides is best made on the basis of solubility in 
80% v/v ethanol. This group will thus contain carbohydrates of DP greater than 10. 
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For the purposes of this review, DF will be defined as a heterogeneous mixture of 
structural and non-structural polysaccharides and lignin, not digested by endogenous secretions 
produced by the livestock animals (Souffrant, 2001).  
 
Specific factors related to nutrition of reproductive swine females 
Requirements of nutrients are based on the needs for energy for a specific animal in a 
physiological state. During pregnancy and lactation, the energy intake will influence 
reproductive performance in subsequent gestations, the fetal development, birth weight, pig 
mortality, and growth as the new born pig develops (Whittemore, 1996; Farmer and Sørensen, 
2001; Kim and Easter, 2001). Requirements of vitamins and minerals also change throughout 
pregnancy depending on the fetuses phase of development and how much of the requirements are 
transferred to the fetuses (Schoknecht, 1997). Lactating sows have to receive adequate energy, 
which will play an important role as fuel for milk production (Patience, 1996; Eissen et al., 
2000).  
After discussing some of the factors that can affect digestion and/or digestibility in swine 
in general, specific aspects related to management, reproduction, and metabolic state of 
sows/gilts and their possible effects on nutrition will be addressed. 
Feeding regime during estrus, gestation and lactation and its impacts on reproduction 
Feed intake during gestation has to be controlled to maintain body condition and prevent 
fat deposition, which can cause hormonal and physical consequences during lactation and 
subsequent reproductive life. Control of feed intake and regulation of energy and protein balance 
can be influenced by a wide range of factors. There is not a single factor responsible for control 
of feed intake but a multifactorial control system, involving central and peripheral mechanisms 
of control, such as physical regulation (stimuli on oral cavity, stomach, and small intestine) and 
metabolic regulation (liver metabolites and brain/central nervous system chemical control) 
(Eissen et al., 2000). 
A comparison between ad libitum feeding to growing pigs, lactation sows and gestating 
sows to a restricted feeding (2 kg/d) to gestating sows was conducted by Stein et al. (1999b) to 
evaluate the effects of restricted feeding on the composition of the endogenous losses at the 
distal ileum. There were no differences on total endogenous gut protein loss at the distal ileum 
for the different categories fed ad libitum (12.4, 9.4, and 11.5 g/kg of DM intake, for growing 
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pigs, lactating and gestating sows, respectively). However, in restricted fed sows a lost 17.8 g/kg 
of DM intake was observed for endogenous gut protein loss. Thus, feed restriction may have a 
negative impact on apparent ileal digestibility of protein in sows/gilts during gestation. 
Different patterns of feed restriction applied to 23 trios of littermate gilts from d 1 and d 
15 of the estrus cycle and their impacts on subsequent reproductive performance were tested by 
Almeida et al. (2000). A group of gilts were fed a high plane of nutrition (HH gilts) throughout 
the cycle, compared to gilts in a feed restriction program during the first (RH) or second (HR) 
wk of the estrus cycle. During feed restriction weight gain in RH gilts was lower between d 1 
and d 7 than in their HH and HR littermates (2.5 vs 5.6 and 5.6 kg, respectively; P < 0.01). In 
addition, weight gain was lower in HR gilts between d 8 to d 15 than in their HH and RH 
counterparts (5.5 vs 8.5 and 9.4 kg, respectively; P < 0.01). Survival of embryos at d 28 of 
gestation was lower for HR than for HH and RH gilts (68.3 vs 83.6 and 81.7, respectively; P < 
0.05). Data from this experiment demonstrated that the timing of feed restriction during follicular 
development had an important impact on subsequent embryo survival, with possible mediation 
by differences in progesterone concentrations in early pregnancy. In a subsequent experiment, 
Almeida et al. (2001) used nineteen trios of littermate gilts in the feed restriction programs RH or 
HR to observe the effects of previous nutritional treatment on developmental competence of 
early fertilized oocytes in vitro, and to establish the metabolic and endocrine status of gilts 
during treatment and the subsequent periestrus period.  Gilts on RH feeding program had lower 
energy and lysine intakes during the period of feed restriction (d 1 to d 7) compared to gilts on 
HR feeding program (205.0 vs 244.5 kcal/kg BW0.75; 0.61 vs 0.73 mg/kg BW0.75; P < 0.01). In 
addition, the energy and lysine intakes were lower in HR gilts during the period of feed 
restriction (d 8 to d 15) compared with their RH counterparts (281.0 vs 217.7 kcal/kg BW0.75; 
0.84 vs 0.65 mg/kg BW0.75; P < 0.01). After feeding restriction programs were discontinued, no 
differences in energy or lysine intakes were observed among groups (223.4 kcal/kg BW0.75; 0.66 
mg/kg BW0.75; P > 0.05). Slight differences in body weight were observed for different feed 
intakes recorded (153.4 vs 152.8 kg at estrus, for RH and HR, respectively; P < 0.10). Moreover, 
effects from treatments on number of embryos recovered upon surgery were observed with HR 
producing a larger number of recovered embryos than RH (16.4 vs.14.0 for HR and RH, 
respectively; P < 0.06) those results being the opposite observed in Almeida et al. (2000). 
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An experiment to measure the effects of feeding level and major dietary energy source 
used during lactation on milk composition, piglet body composition, and energy balance of sows 
was performed by Van den Brand et al. (2000c). Forty eight primiparous sows were evaluated 
during a 21 d lactation, where they were fed either a fat-rich (134.9 g/kg fat; 196.8 g/kg 
carbohydrate) or a starch-rich (33.2 g/kg fat; 380.9 g/kg carbohydrate) diet at either a high (44 
MJ NE/d; 1,050 g protein/d) or a low (33 MJ NE/d; 790 g protein/d) feeding level. Diets were 
fed in different levels to provide an isocaloric and isonitrogenous intake. No differences as a 
result of the feeding regime were observed at the low feeding level for milk production, milk 
composition, or piglet body composition. At the high feeding level, sows fed the fat-rich diet 
produced higher milk fat (8.4 vs 6.9%) and milk energy (5.38 vs 4.77 kJ/g) concentrations and 
higher piglet body fat concentration (152.1 vs 135.5 g/kg) than sows fed the starch-rich diet. For 
the low feeding level, sows fed fat or starch-rich diets had a similar energy balance between d 6 
and d 20 (-558 and 515 kJ.BW-.75/d). However, at the high feeding level the energy balance 
produced a more negative value in sows fed the fat than in sows fed the starch-rich diet (-544 vs 
372 kJ.BW-.75/d). The results suggested that at the high feeding level, dietary energy in the form 
of fat was primarily used for milk fat synthesis, resulting in growth and in fatter piglets. In 
addition, at the high feeding level the diet with starch as major energy source results showed the 
use of starch only for growth of the piglets, leading to higher protein deposition, and also 
resulted in a less negative energy balance for the sows. The final conclusions were that the 
feeding level impacts the result when substitution of cornstarch for fat in the diet of lactating 
sows on milk composition, piglet body composition, and energy balance of the sows were 
evaluated. 
Trials set in industrial size swine farms in Australia were conducted during summer-fall 
or winter-spring by Love et al. (1995) to determine the effects of rate of feeding and type of 
housing (group or individual stalls) on farrowing rate. Sows were either fed at a low (1.6 - 2.0 kg 
per sow per d), moderate (2.5 kg per sow per d) or high (> 3.6 kg per sow per d) rate of feeding. 
Sows fed at the low level rate during the summer-fall period had increased numbers of delayed 
returns to estrus and lower farrowing rates compared to the higher rate of feeding (8.9 vs 6.0% 
and 71.3 vs 81.2%; P < 0.05). However, during the winter-spring period, at the same rate of 
feeding, sows had fewer delayed returns to estrus and higher farrowing rates compared to the 
higher rate of feeding (2.7 vs 5.1% and 89.7 vs 80.8%; P < 0.05).   
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Differently from gestation, during lactation a higher feed intake by the sows is desired, 
even though not always achieved. After farrowing, feed intake is low and increases exponentially 
as milk production increases. Most of the energy intake during lactation (at least 70% of the 
requirements) is destined to support milk production (Eissen et al., 2000). As milk production 
increases during the 2nd and 3rd wk of lactation, sows lose body reserves to support lactation, but 
soon after there is a recovery, which usually is not enough to compensate for all losses in a 
normal 4 wk lactation period. To support the increasing requirements for milk production, sows 
have to adapt their GI tract to an increased feed intake by having more meals, larger, or longer 
meals. Several factors can be suggested as having effects on feed intake during lactation, among 
them environmental temperature, body weight, body composition, turnover of body fat tissue, 
milk production, and litter size. 
Nutrient utilization and mobilization 
The utilization and mobilization of nutrients by different animal categories usually varies 
according to important hormone changes and physiological necessities of a specific phase, such 
as gestation or lactation. Growing and finishing pigs present differences in utilization of nutrients 
due to the priorities present in their physiology (accretion of protein/muscle, bone growth). On 
the contrary, mature females distribute the nutrients in their body reserves according to their 
physiological priorities, that is, nutrients will be directed to replenish/maintain body reserves, 
fetal development and growth or to milk production.  
Le Goff and Noblet (2001) investigated the total tract nutrient utilization in adult 
nonpregnant sows and growing pigs using 77 different diet compositions representing a wide 
range of possibilities formulated to cover most of practical situations of diets used in swine 
farms. Effects of diet, physiological stage, and interaction between both were observed for DM 
intake, nitrogen balance and digestibility coefficients for organic matter, CP, and energy, where 
the values obtained for adult sows were all greater (P < 0.01). It was observed that the least 
digestible and most variable fraction in the diets was ether extract, with its total tract digestibility 
affected negatively (P < 0.05) by the NDF content of the diet. The NDF fraction was more 
digestible than the ADF fraction, although both had lower digestibilities when compared to the 
other nutrients evaluated. Total tract NDF digestibility in adult sows was proportional to the diet 
NDF composition. Adult sows showed higher urinary energy losses than growing pigs, which 
could be explained in the study by the excess in protein the adult sows received related to their 
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requirements, that is the excess crude protein was eliminated through urea, increasing urinary 
energy losses. The authors observed differences in digestible energy values for growing pigs and 
adult sows. Although those differences were not constant, they increased as DF content 
increased. 
An experiment was performed by Clowes et al. (1998) to evaluate the effects of nutrient 
intake on nitrogen partitioning and skeletal muscle composition in primiparous lactating sows. 
Thirty six sows were fed barley-wheat-SBM based diets with 15.4 MJ DE/kg and 18.6% CP at 
three different intake levels after farrowing: ad libitum, restricted fed to 55% of the ad libitum 
intake, and at least 125% of the ad libitum feed intake. Three 5-d periods were evaluated 
(starting on d 2, 11 and 19) as well as a biopsy sample of triceps muscle collected at d 26. 
Restricted-fed sows had reduced fecal N and urinary losses, and had the higher maternal protein 
mobilization to maintain milk N production at the same levels as the other feeding treatments. 
The authors concluded that the additional retained N was directed toward maternal reserves 
rather than milk N. For the restricted-fed sows, besides redirecting maternal protein reserves to 
milk, the sows also conserve more maternal N reserves by reducing muscle protein synthesis. 
 
Table 2.2. Means for milk production, milk protein, litter weight gain, sow body weight and 
mammary parenchyma weighta.   
  117 g of fat/d  410 g of fat/d 
 Day of Protein g/d  Protein g/d 
Item lactation 678 767 863 678 767 863 
Milk production, kg/d  9.3 10.1 9.7 9.6 10.4 10.5 
Protein, % 21 2.9 3.3 3.2 3.2 3.1 3.3 
Litter weight, kg  7 33.0 34.7 32.7 32.7 34.1 30.5 
 21 69.1 74.2 71.9 69.9 72.5 70.2 
Sow body weight, kg 21 184.5 192.3 204.6 191.3 200.5 220.8 
Mammary glands, kg 21 8.4 10.0 10.3 10.3 9.7 11.0 
a Modified form McNamara and Pettigrew, 2002. 
 
Kim and Easter (2001) studied nutrient mobilization from body reserves in lactating 
sows, and how the nutrient mobilization was affected by litter size. Primiparous sows (n = 28) 
were randomly assigned to one of 7 different litter sizes (from 6 to 12) within 48 h after 
farrowing. Each sow in the groups received 11.5 ± 1.3 Mcal of ME and 39.3 ± 4.4 g of lysine/d. 
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All sows were killed on d 20.6 ± 1.1 of lactation for tissue collection and carcass assessments. 
Litter size affected linearly (P < 0.05) protein mobilization in carcass, GI tract and reproductive 
tract, and affected quadractically protein mobilization in liver. Carcass contributed with the 
largest amount of protein (600 g from a total of 641g from carcass, GI tract, liver and 
reproductive tract all together) for every additional pig in the litter. However, the reproductive 
tract contributed with the highest proportion (26%) among all tissues. 
Levels of protein (863, 767, and 678 g/d) and fat (117 and 410 g/d) added to the diet of 
multiparous sows were tested to evaluate the effects on milk production and body composition of 
the sows (groups of 18 sows) after 20 d of lactation with litter size of 12 (McNamara and 
Pettigrew, 2002). Six sows from each dietary treatment were killed at d 21 for carcass 
assessment. Results are presented in Table 2.2. The lowest protein intake resulted in reduced (P 
< 0.01) milk production and litter weight gain in the last wk of lactation. Higher fat intake 
produced greater total amount of mammary parenchyma. 
Reproductive performance  
Nutrition of the high producing sow has yet to achieve a more specialized level, where 
requirements to obtain the best body composition and hormone profile leading to a higher 
productivity in pigs per sow, and the number of litter per sow in the productive cycle of a sow.  
During the last decade several literature reviews and original papers were published regarding 
sow productivity, hormone implications related to nutrition, nutritional components that can 
affect hormone profile in gilts or sows, and even modifications in the feeding programs to benefit 
sow performance and production.  
Patience (1996) reported the necessity to produce more sophisticated factorial estimates 
(interrelating integration of processes during gestation and lactation, and their association to 
growth of piglets; how body stores in females during reproduction can contribute to production; 
and how different hormonal or nutritional events in gestation and lactation are interrelated) with 
the final objective to meet the producing sows requirements and better utilization of nutritional 
resources. In addition, the author refers to balance of nutrients being important, as excess of one 
nutrient can adversely impact production in other physiological phase, such as excess of energy 
during gestation impacting mammary tissue development and subsequent milk production or by 
altering hormonal secretion, impairing later rebreeding. However, in Cosgrove and Foxcroft 
(1996) review of ovarian effects of nutrition and management, the authors reported that ad 
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libitum feeding for gilts previous to estrus improved rate of ovulation and luteinizing hormone 
(LH) levels.  The authors suggested that extended intervals between weaning and estrus 
produced by reduced energy intake in any week during lactation can result in a better ovarian 
follicular response to gonadotrophic stimulation, indicating influence of nutrition on follicular 
pool recruitment and/or selection. 
Ovarian function is controlled by the gonadotrophin hormones (LH and FSH). Therefore, 
any nutritional effect that affects the hypothalamic-pituitary axis can have consequences on 
folliculogenesis and ovulation (Prunier and Quesnel, 2000). Feed restriction or undernutrition 
inhibits the GnRH pulse generator, reducing the stimulation of folliculogenesis by LH, which 
can be accomplished inhibiting the pulsatility of LH. However, FSH levels and LH plasma 
concentrations did not show clear effects of feed restriction. The nutritional modulators 
responsible for the effects on reproduction performance could not be yet identified. The ovarian 
tissue has a low impact on the overall body metabolic demand, but yet represents a very active 
tissue, with constant cell reorganization, proliferation, growth and differentiation. Consequently, 
hormones responsible for controlling cell nutrient uptake and utilization (insulin, GH, cortisol, 
thyroid hormones), and cell mitogenesis and growth (insulin, IGF-I) can be responsible for the 
effects caused by nutrition.  
Van den Brand et al. (2000ab) studied different feeding levels and source of energy and 
their effects on the reproductive performance of sows (n = 48). Sows were fed either a starch or a 
fat based diet as source of energy at a low (33 MJ NE/d) or high (44 MJ NE/d) feeding level 
during a lactation period of 21 d. Blood samples were drawn during lactation on d 7, 14 and 21, 
at weaning (d 22), and around estrus (every 12 minutes during 12 h) to measure plasma glucose, 
insulin, LH (concentration levels and pulse frequency), estradiol (E2), and progesterone (P4) 
levels. A diet to supply 31 MJ NE/d was fed after weaning until estrus and from breeding until d 
35 of the subsequent gestation a diet to provide 17.5 MJ NE/d was fed. At d 35 of the next 
gestation, sows were slaughtered and ovulation rate determined. Starch diet produced higher 
postprandial plasma glucose, insulin concentrations, and LH pulse frequency on d 7 of lactation 
(82.6 vs 73.9 mg/dl; 18.2 vs 15.2 µIU/ml; .52 vs .17 pulses/12 h; P < 0.05, respectively), with no 
effects caused by feeding level. However, the high feeding levels increased LH pulse frequency 
on d 21 and 22 of lactation (.89 vs .47; 8.63 vs 5.77 pulses/12 h; P < 0.05, respectively), and a 
greater number of sows exhibiting estrus within 10 d after weaning (96 vs 63%; P < 0.01). 
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Estradiol levels were lower only for sows fed fat rich diet at 16, 12, and 8 hours before LH surge. 
High level of feeding resulted in a tendency to a greater ovulation rate compared to low feeding 
lever (18.0 vs 16.2; P = 0.09). The authors concluded that a greater dietary intake-induced 
insulin concentration during and after lactation did not extinguish the inhibitory effects of 
lactation on the next reproduction phase, and neither feeding level nor source of energy had any 
impact on embryonic development and survival. However, Quesnel et al. (2000) tested crossbred 
gilts in their second or third estrus with diets containing 240% or 80% of energy requirements for 
maintenance from d 14 to 18, within a total period of 18 days where altrenogest treatment was 
given, and the energy nutritional restriction caused reduction (P < 0.05) of large follicles (≥ 5 
mm) at d 19, feed restricted gilts presented follicles size average of 16.9 mm, and not feed 
restricted gilts 20.6 mm. 
Two experiments were performed in gilts and sows by Kemp et al. (1995) to evaluate the 
effects of the energy source (cornstarch vs soybean oil) on reproductive hormones (LH, 
progesterone) and insulin during lactation and subsequent estrus. The base diets were composed 
by a mixture of ingredients and either 200 g/kg of cornstarch or 64 g/kg of soybean oil to provide 
isocaloric diets. In the first experiment, the starch-based diet resulted in increased insulin 
concentrations 12 min after feeding (29.6 vs 28.0 µIU/ml; P < 0.05). During the second 
experiment, multiparous sows were fed the two dietary treatments from farrowing until 
slaughter. All sows nursed nine pigs each, and blood samples were collected on d 109 of 
gestation, d 7, 14, 21 of lactation, at weaning (d 22), and from 48 h after weaning every 4 h until 
24 h post ovulation. The diets did not affect insulin concentration, but the authors suggested it 
might have occurred because of the small number of animals in each dietary treatment and the 
fact that multiparous sows were used instead of 
primiparous, where the effects could be more 
evident as they usually present prolonged interval 
between weaning and estrus and the insulin effect 
produces a nutritional flushing increasing 
ovulation rate. In addition, the negative energy 
balance present during lactation may suppress the 
effects of diet on insulin production. Starch-based 
diets produced greater LH pulsatility on d 7, 
Table 2.3. Variation in milk composition 
between mammals 
Species Protein (g/l) Fat (g/l) 
Woman 8 41 
Mare 19 13 
Sow 56 83 
Cow 32 37 
Adapted from Hartmann et al., 1997. 
   
  15
preovulatory LH surge, and progesterone production compared with fat-based diets fed sows. 
Compared to dairy cows, sows respond differently in milk production when diet is 
evaluated (Hartmann et al., 1997). Sows do not present a consistent relationship between dietary 
energy intake and milk production when the milk production is measured by the growth rate of 
standard size litters. Milk production in sows is mainly influenced and has a linear relationship to 
litter size, being this relationship the result of number of functional glands accounted for total 
milk production. Sow's milk composition has a higher concentration of protein and fat when 
compared to human and other domestic mammals (variation on composition in Table 2.3). 
 
Factors affecting digestion and digestibility 
Several endogenous and exogenous factors can affect digestion in swine, such as animal 
age and diet adaptation, intestinal health, diet content of antinutritional factors, GI tract microbial 
population, stress, feed intake and diet composition, and exogenous enzymes, their specific 
activity and use in diets. The study of digestion may involve other factors, which play important 
roles in accounting for intake and losses within the animal. 
Animal age and adaptation to diet composition is most important in weaned pigs, which 
may not have their enzymatic systems (gastric and pancreatic) adequately developed to digest a 
simpler diet without milk components. As animal age, from a nursing pig to a weaned pig 
ingesting solid feed, their enzymatic systems develop and enzyme production consequently 
increases (Efird et al., 1982; Owsley et al., 1986; Lindemann et al., 1986). Among the factors 
listed above, a few will be considered as playing important roles in digestion of fiber components 
present in diets for gestating and lactating sows. 
Feed intake 
Digestion can be impacted by feed intake because it can change digesta characteristics 
(solubility, water holding capacity, rate of digesta flow, etc.) and consequently result in higher or 
lower digestibility of general and/or specific digestibility of nutrients. 
Growing pigs from 38 or 67 kg of body weight were surgically modified by Hess and 
Sève (1999) through an ileo-rectal anastomosis to determine the effects of feeding level, body 
weight, and time after surgery on basal ileal endogenous amino acids and N losses. The time 
after surgery and the feeding level showed significant interactions for most amino acids. Feeding 
level produced a linear increase in basal endogenous losses (g/d) at all body weights. Lower 
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feeding levels produced greater endogenous losses than medium or high feeding levels. The 
authors concluded that the basal endogenous losses were proportional to DM intake when the 
feeding level is higher than 70 g/kg BW.75. 
Dourmad et al. (1996) conducted two experiments with gestating sows to evaluate the 
effects of energy intake (adjusted by feed intake) on reconstitution of energy and protein body 
reserves. In Exp. 1, sows were fed diets with three different levels of energy (7.4, 8.8 or 10.4 
Mcal DE/d; 2.3, 2.7, and 3.1 kg/d of feed intake, respectively) during pregnancy, after a lactation 
period with high mobilization of reserves (accomplished by a nursing period with 10-11 pigs per 
sow), and in Exp. 2, sows were fed diets at two levels of gestation energy (7.9 and 9.2 Mcal 
DE/d; 2.3 and 2.7 k/d, respectively) in two groups of lactation reserve mobilization in the 
previous parity (low - 6 nursed pigs per sow, or high - 12 nursed pigs per sow). As the level of 
gestation energy supplied increased, the apparent digestibility of DM, organic matter, and energy 
increased linearly (84.0, 85.7, 89.3 %; 87.9, 89.1, 92.0 %; 86.1, 87.3, 90.4 %; respectively, in 
Exp. 1; 84.9 vs 87.2 %; 88.4 vs 90.2 %; 86.3 vs 88.2 %, respectively, in Exp. 2; P < 0.001). In 
addition, the ratio ME/DE increased with energy supply (95.1, 96.1, 96.6, in Exp. 1; 95.2 vs 
96.2, in Exp. 2; P < 0.001). 
Fiber content of the diet 
Nutrient composition of the diet can affect digestion through different chemical or 
physical interactions occurring during the passage of the diet through the GI tract. In particular, 
DF impacts digestion in various ways depending on the chemical compounds and/or 
antinutritional factors related to fiber or constituents of fiber are present in the diet. As feedstuffs 
used in animal diets are variable in their DF chemical composition, their effects and 
consequences on digestibility of nutrients vary within and between species. 
Non digestible and partially digestible fractions in feedstuffs used in swine diets  
Fiber fraction 
The study of DF and what would be the best way to express it and its variety of chemical 
components, as well their chemical and physical characteristics and behavior within the animal 
GI tract have been approached in several ways. Definitions have been proposed, which usually 
comply with one approach (chemical composition, physiological consequences, function, etc.) 
but leave other considerations aside. 
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Trowell (1972) defined DF as the skeletal remains of plant cells that are resistant to 
hydrolysis by the enzymes of man, which included a wide spectrum of compounds within DF 
fraction in human nutritional research. Later the same author redefined it as plant 
polysaccharides and lignin which are resistant to hydrolysis by the digestive enzymes of man 
(Trowell, 1976). The latter chemical definition, at the same time restricted DF to polysaccharides 
(cellulosic and non-cellulosic) and lignin, and expanded to include compounds outside the plant 
cell wall (Bjergegaard et al., 1997ab). The presence of minor constituents in DF and structural 
variations could be of great importance for the functional and/or physiological properties of DF 
(Theander et al., 1993). In a review about nutritional significance of DF analysis, Bach Knudsen 
(2001) observed continuous debate and no agreement reached about the definition of DF. 
Researchers used different definitions to explain DF in their studies (physiological or a chemical 
definition). The physiological definition was the dietary components resistant to degradation by 
mammalian enzymes, while the chemical was the sum of non-starch polysaccharides and 
lignin. Dietary fiber derives from the plant cell walls, consisting of a series of polysaccharides 
associated and/or substituted with proteins and phenolic compounds in some cells, plus the 
phenolic polymer lignin. There is a wide variation in polysaccharide components and lignin 
among grain cereals, cereal by-products, and protein rich materials. Within the physico-chemical 
properties of DF, cation exchange capacity, hydration properties, viscosity and organic 
compound absorptive properties have nutritional significance. Those properties have intrinsic 
relation to the type of polymers that make up the cell wall and their intermolecular association. 
In nonruminant animals some fractions of DF are considered indigestible, as the animal 
does not have the ability to produce the enzymes to break down those components, such as 
cellulose, hemicellulose, and pectins - which comprise the nonstarch polysaccharides fraction 
also called NSP - plus oligosaccharides (Kadlec et al., 2001). Cellulose is composed of linear 
β(1→4)D-glucan polymerized chains aligned side-by-side, which results in a fibrilar appearance 
creating a stabilized crystalline structure by inter- and intramollecular hydrogen bonds 
(Southgate, 1995). Hemicellulose has no chemical or structural similarity to cellulose. 
Chemically, hemicelluloses are composed of cell wall polysaccharides, preferentially solubilized 
by aqueous alkali after removal of the water-soluble polysaccharides. Those polysaccharides 
comprise a wide spectrum of complex hetero-polysaccharides, containing a minimum of two 
types of sugar residues (McDougall et al., 1993). Pectins or pectic substances are plant hetero 
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polysaccharides where D-galacturonic acid is esterified with methanol. They cover a great 
diversity of forms, which led to the development of a specific nomenclature for these 
compounds. As they are not the main focus of this dissertation, there will not be a long 
discussion about their features and nomenclature (Kadlec et al, 2001). Oligosacharides present in 
feedstuffs and of interest in the present dissertation are the RFO, composed by raffinose, 
stachyose, and verbascose, among up to nine molecules long oligosaccharides which are not of 
importance in animal nutrition (Hedley, 2001).  
In swine nutrition, knowledge about the effects of DF on rate of passage of feed is 
important in growing finishing pigs because reduced rate of passage may limit feed intake and 
consequently it might limit growth. Conversely, in sows reduced rate of passage may result in 
advantage, as the reduced rate of passage of nutrients would prolong the feeling of satiety and 
reduce the period of hunger during gestation. Vestergaard (1997) performed a study with gastric 
cannulated pregnant sows using a conventional concentrated low DF diet and two high DF diets 
(insoluble DF from wheat bran and soluble DF from sugar beet pulp). The author observed that 
gastric emptying rate was likely to be mediated by modifications in volumes and physical 
properties of GI tract contents.  
Legumes and corn chemical composition 
Grain legume seeds are characterized by having a relatively high protein content (ranging 
10-30%) and a high percentage of carbohydrate (ranging 50-65%). Exceptions to this general 
rule are soybeans and the several lupin species, which all have higher protein contents (ranging 
35-45%) and a lower content of carbohydrate (ranging 30-40%) in their seeds. Soybean and 
lupin seeds differ from the other legume seeds in the fact they do not store starch as the main 
source of energy, but rather store oil. Legume seeds that store starch have about 2% oil content, 
while in soybean seeds oil can account for up to 20% and in lupin seeds it may range from 4% to 
15%, depending on the species. In soybean seeds, starch makes up about 1.5% (Hedley, 2001). 
Effects of DF composition on performance and digestibility of nutrients 
Two experiments with growing barrrows were performed by Lenis et al. (1996) to 
evaluate the effects of supplementing a purified diet with purified wheat bran NDF (pNDF) at 
15% (wt/wt) on ileal digestibility of N and amino acids in growing pigs (11 or 12 wk of age at 
the beginning of experiments). The authors concluded that increasing the NDF content in the diet 
decreased the ileal N digestibility but increased the utilization of the ileally digested N (measured 
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through N retention). The higher utilization of ileally digested N was presumed from the 
contribution of pNDF to the energy supply. Li et al. (1994) also tested the effects of DF in 
digestibility of nutrients in pigs. These researchers used 12 weaned pigs fitted with ileal T-
cannulae in a balance two period change over design testing four diets with graded levels of 
cellulose (Solkafloc): 4.3, 7.3, 10.3, and 13.3% to determine the effects of DF level on DM, CP, 
and amino acid ileal and total tract digestibilities. Graded levels of DF did not affect CP or amino 
acid ileal and total tract digestibilities. However, DM digestibilities for ileal and total tract were 
negatively affected (P < .001, linear effect) by the increasing levels of cellulose. Apparent ileal 
digestibilities of DM were 68.2, 65.4, 61.4, 59.0, respectively for the increasing levels of 
cellulose. Total tract digestibilities of DM were 87.5, 84.2, 80.3, and 78.8, respectively for the 
increasing levels of cellulose. 
The type of fiber in the sow diet during gestation was studied by Ramonet et al. (2000) in 
dry and multiparous sows during gestation. It was observed that diets containing sugar beet pulp 
resulted in slower absorption of nutrients when compared with diets enriched with starch or 
wheat bran. Fecal digestibility coefficient of energy and crude protein decreased as NDF content 
increased in the diet. Rijnen et al. (2001) obtained similar results testing sugar beet pulp silage 
(SBPS) in a semipurified diet where the exchange of SBPS for tapioca starch produced different 
fiber composition in the diets. Results showed reduced digestibility and metabolizability of 
energy as SBPS content was increased in the diets. 
When considering other nonruminant species, effects of DF on digestibility of nutrients 
may be similar. Silvio et al. (2000) tested ileally cannulated mature dogs offered a regular 
maintenance diet in which 10% was delivered as one or two types of fiber (cellulose, crystalline 
slowly fermented fiber; pectin, soluble rapidly fermented fiber). The dietary treatments were: 1) 
100% cellulose, 2) 66.7% cellulose and 33.3% pectin, 3) 33.3% cellulose and 66.7% pectin, and 
4) 100% pectin. Total tract and large intestine DM digestibility increased linearly (P < 0.01) as 
pectin was increased in the diet. Conversely, total tract CP digestibility decreased linearly (P < 
0.01) as pectin increased. The authors concluded that the fermentable fiber impact on CP 
digestibility could be the result of larger microbial protein excretion due to the higher 
fermentability of pectin versus cellulose. The decrease in CP digestibility could be also explained 
by sloughing of cells due to the nature of the fiber types or by adsorption of peptides and amino 
acids which would increase endogenous nitrogen losses (Nyachoti et al., 1997). 
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McBurney and Sauer (1993) tested ileally cannulated pigs vs non cannulated pigs fed a 
wheat based diet with four levels of supplemented pea fiber: 0, 5, 10, or 15 g/100 g basal diet in 
two parallel experiments. Cannulation did not affect apparent total tract energy digestibility. 
However, increasing pea fiber in the diet linearly decreased (P < 0.05) ileal apparent digestibility 
of energy. Another study was conducted by Whittaker et al. (2000) to observe effects of ad 
libitum high fiber diet (containing 600g unmolassed sugar beet pulp/kg) performance of sows 
when compared with restricted (2.2 to 2.4 kg/d) fed sows. Fifty sows were allocated in 10 groups 
divided into restricted (R) or ad libitum (A) feeding regimes. The feeding regimes were 
maintained for two consecutive parities. Sows in A feeding regime were heavier by d 50 of 
gestation and at farrowing than R sows. However, A sows lost more weight during lactation than 
R sows. There were no observed differences between feeding regimes on sow backfat thickness 
or sow reproductive performance or litter performance in either parity. Unmolassed sugar beet 
pulp could be used during gestation on an ad libitum system without compromising productivity, 
but food intakes would be too high (estimated at 4.1 kg per sow/d) to make ad libitum feeding of 
pregnant sows an attractive option for producers. 
Soluble saccharides and raffinose family oligosaccharides (RFOs) 
The effects of dietary fiber as a whole in digestion has been studied in the last two 
decades in detail, analyzing different chemical structure components of DF and their specific 
effects on digestibility of nutrients and physical properties in the GI tract. Soluble fiber 
constituents may have a significant impact on physical changes of the digesta, which is not true 
for short chain carbohydrates such as oligosaccharides (Campbell and Bedford, 1992). 
Swine diets in the US and Europe are based at least partially on feedstuffs containing 
variable amounts of RFOs. In Europe, the use of legumes in swine diets is normal practice and 
improvement on RFO digestion has been approached in diverse ways. In the US, most of the 
RFO present is from processed soybean seeds present in soybean meals. 
Oligosacharides are present in feedstuffs (soybean meal, peas) used in swine diets and 
cause some antinutritional complications (gas production through large intestinal fermentation, 
reduction of digestibility of nutrients). How they affect digestion and how their antinutritional 
effects can be minimized by increasing their digestibility through supplementation with 
exogenous enzymes, through pre-digestion of feed, or by reduction of the contents in the 
feedstuffs by means of genetic modifications or natural mutation have been studied.  
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Oligosaccharides (from Greek oligos, meaning a few) are compounds that after 
complete hydrolysis release only monosaccharide units. In plants oligosaccharides, the ones 
called galactosyl sucrose oligosaccharides are the most abundant and important soluble sugars 
after sucrose (Kadlec et al., 2001). Among the group of galactosyl sucrose oligosaccharides, the 
RFO are the most ubiquitous. They are named after the first member (raffinose) of this 
homologous series of α-galactosides. The components of RFO are the α(1→6) galactosides 
linked to C-6 of the glucose moiety of sucrose, and chemically, they may be considered as 
derivatives of sucrose. They are non-reducing sugars that are soluble in water and water-alcohol 
solutions with low molecular weight (LMW) (Arentoft and Sørensen, 1992; Arentoft et al., 
1993).  
The saccharides of importance in those 
seeds are sucrose and the individual 
components of the RFO: raffinose, stachyose, 
verbascose, ajugose and unnamed longer-
chain oligosaccharides up to nonasaccharide, 
which are all classified as low molecular 
weight saccharides. Grain legumes seeds 
contain these individual compounds in 
different proportions depending on genetic 
variation, both between and within species 
(Kadlec, 2001). In soybean seeds, stachyose 
(the primary RFO supplier to US swine diets) 
is the RFO present in higher content. 
Legume seed carbohydrates make up a 
great portion of the seed, which makes this 
group of compounds very important when 
considering the quality and potential uses of 
soybean and other legume grains, enhancing 
or reducing nutritional and health values 
(Hedley, 2001). Even though soybean byproducts are used as feedstuffs for nonruminant and 
ruminant diets to provide high quality protein and amino acid content, its carbohydrate fraction is 
Figure 2.2. Raffinose family oligosaccharides. 
Source: http://www.bergen.org/ACADEMY/Bio/ 
molbio1raffinose.html 
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a considerable source of energy. However, this fraction has a very different composition from 
cereals where higher proportions of starch are present instead of low molecular weight 
carbohydrates as RFO in legume seeds (Bach Knudsen, 1997). In corn seed development, Brenac 
et al. (1997) observed that these oligosaccharides have less importance as their relationship to 
desiccation tolerance is less strong and is associated to sucrose:raffinose mass ratios smaller than 
20:1. In addition, very small amounts of RFOs (in micrograms) were observed in some seed corn 
samples, not in all tested. 
Raffinose family oligosaccharides may comprise a small portion of a swine diet. Canibe 
and Bach Knudsen (1997) reported α-galactosides (raffinose, stachyose and verbascose) 
composition varying from 24 to 33 g/kg of DM in semipurified diets containing dried or toasted 
peas as protein source in growing pigs diets. The ileal and total tract digestibility of the α-
galactosides in dried or toasted peas were determined using ileally cannulated growing pigs. The 
authors observed in one trial ileal digestibilities of 95.1 to 99.4% for the α-galactosides present 
in the diets with dried or toasted peas, while in a second trial the ileal digestibilities observed 
were 23.3 to 74.4%. Accumulation of digesta (3h before freezing) and growth of microorganisms 
around the cannulae in trial 1 could be the cause for the high digestibilities observed in the first 
experiment, due to fermentation. In semipurified diets for young pigs containing one of three 
lupin varieties, Gdala et al. (1997a) observed that the composition of RFO varied from 26.4 to 
37.0 g/kg of DM. Working with young pigs (4 wk of age), Gdala et al. (1997b) observed 
concentrations of raffinose plus stachyose of 18 g/kg DM in barley wheat diets with added SBM 
or SBM plus rapeseed cake and peas. Raffinose and stachyose values analyzed in soybean meal 
were 11 and 41 g/kg DM, respectively. 
Alpha-galactosides are generally considered to be antinutritional factors, because 
pancreatic and brush border membrane enzymes in the small intestine of monogastric animals 
and human are not able to hydrolyze them, causing passage to the large intestine and resulting in 
fermentation and gas production (Cristofaro et al., 1974; Saini and Gladstone, 1986). However, 
ingestion of pure RFO compounds in the diet increases the bifidobacteria population in the 
colon, contributing positively to health by reducing risk of colon cancer in humans (Minami et 
al., 1983; Tomomatsu, 1994). The physiological property of non-digestible oligosaccharides 
(NDO) to stimulate selectively growth of bifidobacteria in colon and consequently increasing the 
resistance to pathogenic organisms colonization has been reported by Hidaka et al. (1986) and 
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Gibson et al. (1995). Health benefits of oligosaccharides ingestion may be similar to the ones 
produced by dietary fiber ingestion. However, their physical effects are widely different. 
Oligosaccharides health effects come mainly from their effect on fermentation in large intestine 
on bifidobacteria growth (Tomomatsu, 1999).  
 
Table 2.4. Carbohydrate and lignin (g /kg dry matter) in corn and soybean protein concentratesa 
  Corn Soybean Meal Soy Protein Conc. 
  Mean Mean  
 Number of samples 3 6 1 
 LMW-sugars    
   Monosaccharides 4 7 4 
   Sucrose 13 70 0 
   Raffinose 2 10 2 
   Stachyose 1 47 14 
   Verbascose 0 3 1 
     Total Sugars 20 137 21 
 Starch 690 27 69 
 Fructan 6 0 0 
 Cellulose 22 62 30 
 Klason Lignin 11 16 8 
 Dietary fiber 108 233 185 
a  Modified from Bach Knudsen (1997). 
 
Zuo et al (1996) investigated digestion responses to conventional and low 
oligosaccharide SBM incorporated into diets for dogs. Female dogs ileally cannulated were fed 
five diets based on corn grain plus poultry meal where different levels and types of SBM were 
added (0% SBM, 18.55% SBM, 18.55% low oligosaccharide SBM, 37.1% SBM, 37.1% low 
oligosaccharide SBM). Diets did not affect intakes of DM, organic matter, CP, fat and GE 
(average means of 399.5 g/d, 365.4 g/d, 124.6 g/d, 54.7 g/d and 2001 Kcal/d; P < 0.10), but SBM 
diets produced lower starch (130.3 vs 160.9 g/d; P < 0.01) and total dietary fiber (43.5 vs 54.1 
g/d; P < 0.05) intakes and greater total tract digestibility of CP (77.2 vs 52.8 %; P < 0.006) 
compared with control diet. Ileal digestibilities of CP (77.9 vs 69.4 %; P < 0.04) and starch (98.7 
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vs 97.7 %; P < 0.002) were higher for higher levels of SBM diets. Differences in nutrient 
digestibilities were not observed between conventional and low oligosaccharides SBM. Thus, the 
point in a nonruminant species reducing the RFO concentration in the seed did not produce any 
effect on nutrient digestibilities. 
Composition of sugars may vary somewhat in soy products such as SBM and soy protein 
concentrate, as they are not composed by the same fractions of the soybean seed. Using well-
known analytical techniques, Bach Knudsen (1997) performed a detailed chemical 
characterization of the carbohydrate fraction of plant materials commonly used in animal 
feeding. The composition results obtained for corn and soybean protein concentrates are in Table 
2.4.  
Metabolism of RFO in plants 
Myo-inositol (from Greek mys, muscle; cis-1,2,3,5-trans-4,6-cyclohexanehenol) is the 
prevalent natural form of nine isomers of inositol. It is the principal source for biosynthesis of 
several natural derivatives in plants (Hoffmann-Ostenhof and Pittner, 1982). Carbohydrates from 
RFO are formed by conjugation of the myo-inositol (MI) with UDP-D-galactose to form 
galactinol, the galactosyl donor for biosynthesis in the raffinose and galactopinitol family of 
oligosaccharides. An important physiological role for MI emerged with the discovery that 
galactinol (0-α-galactopyranosyl (1→3)-Inositol) functioned as the galactosyl donor for 
biosynthesis of the trisaccharide, raffinose and for higher galactosyl homologues (stachyose, 
verbascose, etc.) that are involved in phloem transport, seed development, seed desiccation, and 
numerous stress-related responses of plants (Loewus and Murthy, 2000). Galactinol is formed 
from UDP-galactose and myo-inositol by the action of galactinol synthase (GS) (Dey, 1990). 
Galactinol synthase catalyzes the first step in the biosynthesis of RFO, which suggests it may 
play a key regulatory role in the carbon partitioning between sucrose and RFO. Therefore, GS 
can be a potential metabolic control point to be studied in manipulation of RFO levels in plants. 
In addition, the genes involved may provide an experimental opportunity for manipulation of 
those levels of RFO in the seed and other tissues in order to understand the proposed 
osmoprotectant function of RFO (Saravitz et al., 1987; Castillo et al., 1990; Blackman et al., 
1992; Liu et al., 1998). If those steps can be controlled, accumulation of RFO could be limited, 
then galactinol and di-galactosides of myo-inositol could accumulate to higher levels in different 
plant tissues which would not be of concern in animal diets (Horbowicz et al., 1995). 
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The carbohydrate metabolism was observed to have effects on germinability and 
acquisition of dehydration tolerance by seeds had been shown to be associated to the 
accumulation of oligosaccharides. Those could facilitate the formation of glasses (vitrification) 
from water or substitute water, which could prevent phase transitions in the lipid bilayer, creating 
conditions to the seeds to maintain their germinability characteristics to some extent (Bailly, 
2001). 
Several protective components have been proposed as being important in acquisition of 
desiccation tolerance during seed development. Among those are proteins and soluble sugars. 
Cultivars of soybean (Glycine max) accumulate high levels of the raffinose series of 
oligosaccharides, particularly stachyose, in addition to sucrose. The presence of larger 
oligosaccharide along with sucrose favors vitrification rather than crystallization, which may 
enhance protection still further. When immature soybean seeds were artificially matured by slow 
drying, the results showed a correlation between stachyose level and desiccation tolerance (r2 = 
0.835) (Blackman et al., 1992). However, molecular mechanisms involving the response of 
plants to stress such as water deficit due to cold, drought and, salinity are not well understood. 
One approach used to try to identify those was to clone genes induced during stress to determine 
the function of the induced gene products and the pathways that trigger gene induction. The 
expected response to the expression of those genes was induced tolerance of the cell to 
desiccation through protection of cellular structures during stress, control of water potential 
through production of osmolytes and control ion accumulation (Liu et al., 1998).  
Locher and Bucheli (1998) tested soybean seeds of six cultivars to tropical conditions of 
moisture and observed a dramatic decrease in germinating capacity for all cultivars tested, 
dropping to 0 between 5 and 9 months of storage. The presence of soluble sugars and distribution 
patterns were cultivar dependent. Glucose and galactose concentrations varied between 0.05 and 
0.2 mg/g fresh weight for the six cultivars.  Galactose levels were observed to be more consistent 
and slightly higher than those for glucose. Rapid degradation of soybean oligosaccharides 
occurred in a cultivar dependent manner only after complete loss of germination capacity. 
Stachyose seemed to be the preferred initial target for degradation under high humidity, probably 
the result of action of α-galactosidases, which were highly active in deteriorated soybean seeds. 
Other authors have repeatedly reported that RFO disappear after germination. The RFO were 
transformed into sucrose, which would be metabolized to simple sugars to be used by the 
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different plant tissues for expansion and growth (Pazur et al., 1962; Kuo et al., 1988, 1990; Bau 
et al., 1997;). Kuo et al. (1997) observed high activity of sucrose synthase, alkaline invertase, 
galactinol synthase and α-galactosidase in the embryo (cotyledon + embryonic axis) during 
growth stage of soybean seeds, where there was a high content of RFO. 
Peterbauer and Richter (2001) cited another pathway for RFO synthesis that occurs in a 
variety of crop seeds, especially in legumes. This pathway involves methylated inositols such as 
D-ononitol and D-pinitol, which are galactosylated by transfer of galactosyl residues from 
galactinol and not from UDP-D-galactose, replacing galactinol as galactosyl donors for the 
biosynthesis of stachyose, as shown in Figure 2.3. 
The extent of membrane 
damage by desiccation at various 
stages of imbibition (saturation) was 
estimated by measuring electrolyte 
leakage rates of imbibed, dried, and 
then rehydrated axes. The rate of 
electrolyte leakage was low and 
constant when tolerant radicles were 
rehydrated; however, after tolerance 
was lost, the rate of rehydration 
leakage increased two- to threefold. 
High leakage rates indicate that 
diffusion barriers had been disrupted, 
presumably by desiccation and/or 
rehydration. The increased rates of 
leakage suggest that in soybean membrane damage due to desiccation increases markedly 
between 18 to 24 h of imbibition. Desiccation tolerance was not detected when only sucrose was 
present. At the same time when desiccation tolerance was lost, disappearance of oligosaccharides 
was detected, which supported the idea that oligosaccharides may be responsible for desiccation 
tolerance in seeds (Koster and Leopold, 1988). 
Figure 2.3. Schematic representation of biosynthetic pathways of 
RFOs and galactosyl cyclitols. GAS, galactinol synthase; RFS, 
raffinose synthase; STS, stachyose synthase; VBS, verbascose 
synthase; GGT, galactan:galactan galactosyltransferase. Cyclitol 
may stand for ononitol, pinitol or chiro-inositol, respectively. All 
reactions are reversible. (Peterbauer and Richter, 2001) 
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Brenac et al. (1997) performed an extensive analysis of soluble carbohydrates in 
developing embryos of field grown corn seeds. This study was evaluated to establish 
relationships of sucrose and raffinose levels and their mass ratio and the occurrence of 
desiccation tolerance in immature whole kernels and in isolated embryos. Sucrose accumulation 
did not appear to be associated to desiccation tolerance when the kernels were either fast dried or 
slow dried on the ear. Mass ratio of sucrose to raffinose in the embryo was observed as being 
related with the acquisition of desiccation tolerance in the developing seeds. Sucrose to raffinose 
ratio below 10:1 was associated with desiccation tolerance after fast drying. Seeds with ratios 
higher than 10:1 did not germinate. Sucrose is the major sugar accumulated in maize embryos. 
Sucrose accumulation preceded or was coincident to raffinose accumulation. The authors 
proposed sucrose as having an important protective role during early stages of drying, while 
raffinose served as an inhibitor of sucrose 
crystallization. 
Amuti and Pollard (1977) took 
seed samples on days 32, 39, 46, 53, 60, 
67, and 74 after anthesis (period of 
expansion in a flower, full bloom) and 
extracts for paper chromatography (PC) 
were obtained by placing the seeds in 
boiling 80% ethanol, homogenizing, 
extracting and the extracts made to equal 
volumes. The different sugar components 
for every extract obtained was determined 
after PC, elution of the areas and reaction 
with anthrone, shown in Figure 2.4. Free 
monosaccharides were not detected by the 
methodology. The authors found that 
glucose and fructose are observed in some 
developing seeds, increase their amount, 
then decrease and eventually disappeared. 
Maltose follows this same pattern in 
Figure 2.4. Patterns of change in oligosaccharides of 
soybean seeds during maturation. Seeds (40) were taken on 
the days indicated after anthesis. They were placed in 
boiling 80% EtOH, homogenized, extracted and the 
extracts made to equal volumes. Different sugar 
components for each extract were determined after PC, 
elution of the areas and reaction with anthrone (Amuti and 
Pollard, 1977).
   
  28
soybean seeds. In the presence of α-galactosidase, RFO are broken down in the contrary order 
they are built (shown in Figure 2.3). That is, verbascose will be the first one to be consumed, 
followed by stachyose and raffinose, respectively, leaving free sucrose molecules, in the contrary 
order as is observed in Figure 2.4 on how the levels of sugars switched from embryos to 
maturation of seeds.  
Exogenous enzymes and their enzymatic activity  
The substrate specificity of enzymatic activity can vary widely between exogenous 
enzymes, depending on their source (bacterial or fungal) and chemical interactions. Different 
enzymes produced by the same microorganism may show variable substrate affinity to a variety 
of carbohydrates, such as RFO, glucomannans, melibiose, galactoglucomannans (Luonteri et al., 
1998; Manzanares et al., 1998; Puchart et al., 2000; Shabalin et al., 2002). 
Xylanase, Cellulase, Protease and Alpha-Galactosidase 
Dey (1978) reported two groups of α-galactosidases according to affinity to substrate 
specificity. One group presented activity only on oligosaccharides with low degree of 
polymerization, such as melibiose, raffinose, stachyose and short fragments of 
galacto(gluco)mannans. The other group was composed of α-galactosidases active on polymeric 
substrates, which were active on short oligosaccharides, specially fragments of degraded 
polymers, as well as artificial α-galactosides. 
According to Manzanares et al. (1998) production of enzyme mixtures from fungal 
microorganisms have the advantage of high production yields and are most suitable for 
technological applications due to the extracellular localization, acidic pH optima, and broad 
stability profiles of the species. The industry uses the filamentous fungus Aspergillus niger for 
the production of organic acids and enzymes, such as α-galactosidases. A. niger has been 
reported to produce different molecular forms of β-galactosidase activity and the author reported 
results suggesting A. niger produces at least two kinds of α-galactosidases, optimally active at 
pH 4.5 and 50-55ºC (active on P-nitrophenyl-α-D-galactopyranoside, melibiose, raffinose, 
stachyose, and locust bean gum, in the latter exhibited synergism with β-mannanase) with 
different substrate specificity and observed evidence of more genes encoding α-galactosidase 
activity after cloning a minor extracellular α-galactosidase encoding gene, aglA in A. niger.  
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Shabalin et al. (2002) studied the enzymatic properties of α-galactosidase from 
Trichoderma reesei in a wide range of substrate concentrations and how the substrate 
concentrations affected the hydrolysis of natural galactooligosaccharides and α-O-methyl D-
galactopyranoside. They observed inhibition of hydrolysis of α-O-methyl D-galactopyranoside 
and melibiose by higher concentrations of substrate, but this effect did not happen with raffinose 
or stachyose. It was observed that a rate-limiting step occurred at the cleavage of the terminal 
galactose of stachyose. Six different soy flours were tested by Mulimani et al. (1997) to the 
action of two physical treatments (cooking and soaking) and enzymatic treatment with α-
galactosidase. All treatments reduced oligosaccharide concentrations in the flours tested. 
However, the effect of α-galactosidases was more extensive than soaking or cooking the soybean 
flours. 
Another study was performed by Mansour and Khalil (1998) to evaluate and compare 
with traditional treatments, the efficiency of extracellular α-galactosidases from Cladosporium 
cladosporides, A. oryzae and A. niger in reducing the contents of raffinose and stachyose present 
in chickpea flours. Optimum pH for activity was found to be between 4.5 and 5.0, in an optimum 
range of temperature of 40 (for C. cladosporides) to 50°C (for A. niger and oryzae). Enzymes 
were stable between pH 4.0 and 7.0 and at temperatures up to 60°C. The extracts for fungal α-
galactosidases reduced RFO contents by 100%, whereas germination reduced raffinose by 69% 
and stachyose by 75%. Other traditional treatments, such as soaking, cooking, autoclaving, dry 
heating, presoaking followed by cooking and dry heating, reduced raffinose contents by 13-49%, 
and stachyose contents by 10-32%. 
Wallace et al. (2001) performed in vitro comparisons (A and B) using enzyme products 
as indicated by the manufacturers to determine the effectiveness of supplementary enzymes at 
increasing the fiber digestion by ruminal microorganisms and to assess whether enzyme activity 
has effects on rate of fiber digestion in ruminal digesta. Comparisons did not produce increased 
glycanase and polysaccharidase activities in ruminal fluid, but increased rate of gas production at 
higher than recommended applications rates. The authors concluded that the enzyme 
supplements used in the in vitro tests probably did not possess enough activity over ruminal 
digesta fermentation, which could be overcome by treatment of the ration prefeeding. 
Commercial microbial enzyme products in general contain a variety of enzymatic 
activities. Manufacturers guarantee some of the enzymatic activities present in their products, 
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while side activities sometimes are not even mentioned. When using enzyme products from 
bacterial or fungal fermentation extracts, it could be difficult to determine the effects the enzyme 
product will have in a determined composition diet. 
Exogenous enzymes in animal diets 
For the last two decades enzyme products have been introduced to animal diets to 
improve utilization or release of nutrients to improve animal performance. Extensive research 
has been done on the effects of supplementation with enzyme products active on barley and 
wheat based diets in poultry and pig performance. Enzymes with activity designed to enhance 
digestion of soybean/SBM constituents (e.g., N, phytic phosphorus, RFO) were later introduced, 
but consistent results have yet to be achieved in all components for different animal species and 
categories. 
In a review covering applications of enzymes in nonruminant diets, Campbell and 
Bedford (1992) reported an increase in the use of enzymes, although prior history existed about 
the use of enzymes in animal diets. β-Glucanase preparations were the most documented and 
common application of enzymes; which were used in poultry diets containing barley. Moreover, 
the authors pointed out the introduction of pentosanases in wheat, rye and triticale based diets, 
and the availability of phytases in the market (especially in the Netherlands as a tool to control 
phosphorus pollution). Their observation was that the market for feed enzymes was, at the time, 
based mainly on the need for specific enzyme activity and cost of enzyme product in relation to 
magnitude of animal response. Chesson (1993) reviewed in Europe the increased use of enzymes 
on barley based diets in poultry to reduce viscosity of the diet with the objective to overcome the 
antinutritional effects produced by barley inclusion in the diet, reducing nutrients absorption and 
causing modifications in digesta flow rate in the GI tract. However, the intrinsic mechanisms 
involving the enzyme action was not completely clarified as the production response could not 
be totally accounted for by the destruction of gel forming polysaccharides leached from grains. 
Enzyme release of dietary components making them available could have an equal importance 
and supported the use of multi-enzyme products in broiler diets. No conclusive results were 
found by the author about the supplementation of enzymes in growing-finishing pigs. 
Bedford and Apajalahti (2001) proposed two hypotheses on how exogenous enzymes 
produce their effects in animal performance and/or nutrient digestibilities. The first hypothesis 
was that enzymes improve animal performance through interaction with the intestinal microflora. 
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The other hypothesis was that exogenous cell wall degrading enzymes have two types of activity 
by removing nutrients through digestion and providing substrates for microbial fermentation. 
However, it has to be considered that when exogenous enzymes are supplemented to animal diets 
and increased ileal digestibilities are observed, this implies less nutrient flow to terminal ileum 
and large intestine microflora populations. So, reduction in microflora degradation of nutrients 
and microbial mass will decrease. 
Kitchen (1997) presented a short review on the use of xylanase, β-glucanase, and α-
galactosidase in swine diets, specifically in young pigs (up to 60 kg body weight), showing that 
improvement of performance in growing pigs with the use of the enzymes might be related to 
factors such as feed transit time, endogenous losses, NSP degradation and (or) changes on gut 
microbial population.  
In an experiment with growing chicken (4 to 22 d of age) performed to evaluate the 
effects of a rye based diet with or without enzyme supplementation (xylanase and β-glucanase), 
Mathlouthi et al. (2002) observed negative effects of the rye diet on weight gain, feed intake, 
feed efficiency, and crude fat and protein digestibility compared to a corn based control diet. 
Supplementation with the exogenous enzymes improved crude protein digestibility and broiler 
performance to levels obtained with the corn based control diet. Gill et al. (2000) tested potential 
effects of a combination of exogenous enzymes (xylanase, amylase, pectinase and beta-
glucanase) on NSP digestibility in a study with 240 piglets weaned at 28 d of age fed three diets 
with or without enzyme supplementation in a 3 x 2 factorial design. Diets were based on wheat, 
barley, or dried unmolassed sugar beet pulp. Increased conversion of feed to gain over a period 
of 4 wk was observed in the diets with enzyme supplementation (1.50 vs 1.56:1, P < 0.05). The 
authors concluded that apparent fecal digestibility was not an appropriate indicator for 
supplemented enzyme activity in the intact digestive tract of piglets given diets rich in 
fermentable NSPs. The increase in presence of urinary pentoses indicated that some of the 
microbially released NSP escaped fermentation and were absorbed directly, providing indirect 
evidence of NSP hydrolysis by supplemented enzymes and gut microbes. 
A study to investigate digestion of nutrients in wheat, its by-products (bran and 
middlings) or the reconstituted wheat (including flour, bran, and middlings) was conducted by 
Yin et al. (2000b) with growing pigs. The microbial contribution to digestion and endogenous N 
secretion and the interactions with the exogenous enzyme xylanase was evaluated. Diets tested 
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were wheat, reconstituted wheat, wheat plus bran, wheat plus middlings with or without xylanase 
supplementation. Each diet then contained variable levels of NSP. The recombinations with 
milled wheat fractions did not affect digestibility when compared to whole wheat. NSP content 
produced negative correlations (P < 0.001) for total tract and ileal apparent digestibilities of DM, 
GE, CP and amino acids. Non starch polysaccharides contributed to higher ileal flow of 
endogenous N (P < 0.001) and increased proportion of DM fermented in the large intestine (P < 
0.001). Enzyme supplementation resulted in improvements on total tract and ileal (P < 0.05) 
digestibilities of DM, CP, and GE. A subsequent experiment (Yin et al., 2000a) using the 
following diets: two based on wheat (A) and wheat bran (B), two based on high bushel weight 
barley with (C) or without (D) β-glucanase/xylanase enzyme product supplementation, and two 
based normal bushel weight barley with (E) or without (F) β-glucanase/xylanase enzyme product 
supplementation tested in pigs (body weight 23 kg). Total tract digestibilities for both barley 
diets (0.84, 0.86, 0.83; 0.85, 0.87, 0.89; 0.85, 0.87, 0.84; 0.85, 0.82, 0.85; DM, CP and GE for 
diets C, D, E, and F, respectively) and ileal digestibilities of GE (0.65 vs 0.70; P = 0.06) and CP 
(0.73 vs 0.77; P = 0.057) for the normal bushel weight barley were increased by enzyme 
supplementation. Several trial results were reported by Silversides and Bedford (1999) where the 
effects of a mixture of enzymes (xylanase, protease and amylase) in CSBM diets fed to broilers 
were evaluated. The authors reported that enzyme product supplementation increased ME and 
ileal apparent digestibility of protein (2941.5 vs 3062.0 kcal/kg; 80.1 vs 82.5%; P < 0.05). They 
suggested that the improvements observed were the result of reduced endogenous amino acid 
losses (ileal digestibilities of 80.6 vs 83.0; 77.3 vs 80.3%, for aspartic acid and threonine, 
respectively; which are known to be high in endogenous secretions) as confirmed by the data 
collected in the trials. 
A series of three experiments were performed by Mavromichalis et al. (2000) to 
determine effects of enzyme supplementation (Trichoderma longibrachiatium enzyme product 
with 4,000 units of xylanase activity per gram of product) and particle size (varying in different 
experiments between 400 to 1,300 µm) of wheat based diets on growth performance and nutrient 
digestibility in nursery and finishing pigs. For nursery pigs enzyme supplementation did not 
affect average daily gain (ADG) or gain/feed ratio (ADG mean = 0.26 kg; gain/feed mean = 
0.86; P > 0.32). However, a trend for greater apparent digestibility was observed for DM (81.7 
vs 86.8; 83.8 vs 85.0; 84.0 vs 84.1; for 1,300, 600 and 400 µm diets; P < 0.10) in enzyme 
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supplemented diets. An interaction of enzyme supplementation and particle size (coarse - 1,300 
µm) was observed with an improved gain/feed (0.75 vs 0.80; P < 0.01) for period of d 0 to 35. 
When finishing pigs weighing from 67 to 93 kg were tested, no interactions were observed with 
particle size and enzyme supplementation, but trends for greater gain/feed (0.32 vs 0.33; 0.31 vs 
0.32; for 1,300 and 600 µm, respectively; P < 0.10) and digestibilities of DM (85.7 vs 87.2; P < 
0.10) and N (83.0 vs 85.5; P < 0.07) for diets with enzyme supplementation, leading to the 
conclusion for these experiments that pigs did not respond consistently to enzyme 
supplementation. 
Diets containing 40% wheat bran as the only source of NSP were tested by Van der 
Meulen et al. (2001) in pigs with a Latin square design. Diets were either previously incubated 
with a water:acetic acid mixture (control, C), cellulase (Cel-i) or xylanase (Xyl-i) preparation or 
with addition of the cellulase (Cel-a) or xylanase (Xyl-a) preparation immediately before 
feeding. Incubation of wheat bran produced a small reduction of NDF and an increase in the 
amount of saccharides (soluble starch, β-glucans and the monosaccharides - glucose, xylose and 
arabinose), especially for the cellulase preparation. Effects of enzyme treated diets were 
observed: higher arabinose and xylose concentrations were present in the stomach for diets Cel-i, 
Cel-a, and Xyl-i; and higher xylose and arabinose concentrations in the ileum for the enzyme 
treated diets. The results led to conclude that treatment with cell wall degrading enzymes may 
increase the amount of soluble saccharides in stomach and small intestine, and the ileal volatile 
fatty acids concentration.  
Fifty four gilts (BW = 43 ± 0.4kg) allotted in groups of 3, were fed diets based on cereals, 
SBM and peas with or without supplementation of 200 units/kg diet of α-galactosidase to 
determine the effects on performance and digestive parameters during two 28-d periods 
(Baucells et al., 2000). Addition of enzyme to the diet improved ADG and feed:gain ratio (78.5 
vs 67.8 g/d; 3.15 vs 3.42 g/g; P < 0.01) in addition to greater fecal digestibilities of DM (0.85 vs 
0.83; P < 0.05), CP (0.82 vs 0.73; P < 0.05) and NDF (0.61 vs 0.55; P = 0.07) during the 
finishing period. Moreover, enzyme supplementation improved ileal digestibility of some 
monosaccharides (0.25 vs -0.013; 0.41 vs 0.15; 0.30 vs 0.13; 0.55 vs 0.20; for galactose, 
rhamnose, mannose and fucose, respectively; P < 0.05). Two experiments with cannulated 
weaned pigs were conducted by Gdala et al. (1997a) to evaluate the effects of microbial α-
galactosidase supplementation on ileal digestibility of RFO in semipurified lupin seed meal 
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based diets. In both experiments, ileal digestibilities of RFOs in the small intestine were 
improved by enzyme supplementation. In another study, Gdala et al. (1997b) tested two diets 
based on barley-wheat and SBM (CS) or peas, SBM and rapeseed cake (CPSR) and their effects 
on the digestibility of carbohydrates, protein and fat in 8 to 12 wk old ileally cannulated pigs. 
Diets were with or without supplementation of single enzymes (α-galactosidase, xylanase, β-
glucanase, α-amylase, protease) or with a mixture of enzymes (α-galactosidase, xylanase and 
protease). Ileal digestibilities of RFOs ranged from 86 to 90%. The authors suggested the 
relatively high digestibility in the small intestine, could be caused by endogenous plant and 
microbial α-galactosidases. Ileal digestibility of starch was significantly higher for diet CS than 
diet CPSR (98.8 vs 95.5; P < 0.001). However, ileal and total tract digestibilities of protein, fat 
and NSP produced similar results for the two diets (average means of 78.1, 75.7, and 4.6; 84.1, 
75.4, and 69.4, respectively for ileal and total tract digestibilities). Xylanase supplementation of 
diet CS produced greater digestibility of xylose, while enzyme mixture supplementation of diet 
CPSR produced increased digestibility of xylose, arabinose and mannose and DM. Other 
enzymes tested did not result in positive or negative results on digestibility of nutrients. 
A trial to evaluate the influence of RFO (raffinose and stachyose) in ileally cannulated 
pigs (BW = 35 ± 2 kg) was performed by Smiricky et al. (2002). Ileal nutrient digestibility and 
fecal consistency were evaluated using semipurified diets containing soy protein concentrate 
(SPC) or SBM as the source of protein. A by-product of SBM processing called Soy solubles 
(SS, containing 3.5 % raffinose and 11.5% stachyose) was used to elevate dietary concentrations 
of raffinose and stachyose. Seven diets: SPC, SPC + 9% SS, SBM, SBM + 9% SS, SBM + 18% 
SS, SBM + 24,000 Units α-galactosidase enzyme preparation/kg of diet, and a low protein casein 
diet used to calculate true digestibility were offered to the pigs in a replicated 7 x 7 Latin square 
design. No differences were observed for SPC and SBM control diets with regard to apparent 
and true ileal amino acid digestibilities. Soy solubles decreased apparent and true N digestibility 
when added to diet SPC (81.4 vs 75.9%; 89.4 vs 84.1%; P < 0.05), but did not affect SBM 
control and SBM + 9% SS diets (average means of 80.33% and 87.4% for apparent and true N 
digestibility, respectively). Alpha-galactosidase supplementation did not affect ileal stachyose 
digestibility and apparent or true ileal N digestibilities (average means of 91.9, 81.5 and 89.4%, 
respectively for stachyose, apparent and true digestibility of N) but improved ileal raffinose 
digestibility (62.6 vs 91.2%; P < 0.05), which was not affected by any other dietary treatment. 
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The authors concluded that RFO may not be the only factor negatively impacting SBM 
digestibility.  
Six piglets with ileorectal anastomosis (IRA) were used in a Latin square design to test 
for the effects of RFOs (27.5 g/kg) with or without α-galactosidases (7.1 g/kg) on ileal digestive 
physiology when those diets were compared to a similar CSBM based diet (Veldman et al., 
1993). The α-galactosidase supplementation in the diets increased ileal digestibilities coefficient 
of α-galactosides (0.93 vs 0.57; P < 0.05). The presence of α-galactosides in the diet reduced 
ileal digestibilities of organic matter, CP and N free extract when compared to the CSBM based 
diet. Moreover, α-galactosides caused fluid retention and enhanced microbial fermentation. 
Supplementation with α-galactosidases did not eliminate the negative effects produced by α-
galactosides in the diet. 
Other bacterial and fungal enzyme products have been developed to meet the demand for 
enzymatic activity on certain fibrous components of the diet to improve performance of cattle, 
swine and poultry when fed diets with higher content of indigestible or fermentable fibrous 
components. Among these enzyme products is an enzyme product developed from dried 
fermentation extracts of Aspergillus niger and Trichoderma viride formulated to contain a 
minimum of 100 units of Xylanase activity/g with cellulase side activity. This enzyme product 
was developed for use in cattle to improve utilization of diets. Ambrosia et al. (2001) tested this 
xylanase activity product in eight Holstein steers (250 kg) with cannulae in the rumen and 
proximal duodenum in a replicated 4 x 4 Latin square experiment designed to evaluate dietary 
NDF (53, 65, 79, and 90% of NDF) and their interactions with enzyme supplementation on 
digestive function. The enzyme product was added at the time of feeding. The different levels of 
NDF tested did not affect (P > 0.10) ruminal microbial efficiency or the site and the extent of 
organic matter, NDF, starch and N digestion. Enzyme supplementation improved (P < 0.01) 
ruminal digestion of NDF and feed N, but did not affect starch digestion or total tract NDF 
digestion. The authors concluded that when NDF digestion is lower than 45%, improvements 
could be achieved with fibrolytic enzyme supplementation.  
The same fibrolytic enzyme product was tested by Kim et al. (2001) in finishing diets for 
swine. Two trials with finishing pigs (104 or 129 kg initial weight) were performed to evaluate 
the nutritional value of Bermuda Grass (BG) addition to a CSBM diet with or without enzyme 
supplementation. In Exp. 1, eight barrows were fed 14.5% BG supplemented to a CSBM diet 
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with or without 0.02% enzyme product supplementation. Inclusion of BG decreased GE 
digestibility by 14 % (P < 0.05). However, enzyme addition improved GE digestibility by 6% (P 
< 0.05) compared to nonsupplemented diet. No differences were observed in N digestibility. In 
Exp. 2, 60 pigs (102 kg) were fed the following treatment diets for a period of 4 wk: (1) control 
(CSBM diet), (2) control + sun dried, chopped BG 10%, and (3) diet 2 + enzyme product 0.02%, 
(4) control + pelleted BG 10%, and (5) diet 4 + enzyme product 0.02% to evaluate effects on 
growth performance. No effects of BG on feed efficiency were detected. The authors concluded 
that BG produced a negative effect on energy digestibility that could be partially reduced by 
fibrolytic enzyme supplementation. Moreover, no effects were observed on feed efficiency, 
which could be explained by the effect of BG to reduce animal activity and consequently energy 
expenditure. 
Experiments performed to evaluate effects of exogenous enzymatic supplementation to 
animal diets on digestion of N or fibrous components do not follow similar protocols regarding 
level of exogenous enzymatic activity added to the diets on composition of the diets. The results 
obtained with such experiments were difficult to compare and to produce conclusions on optimal 
levels of supplementation of exogenous enzymes and the composition of the diets to be applied. 
In addition, important factors were not considered, such as the diversity and activity of the 
microbial population present in the GI tract of different animal categories and species. However, 
numerous instances of positive responses do illustrate that potential exists for benefits to their 
use in swine diets. 
Microbial population 
Microorganisms coexisting within the GI tract of an animal are efficient in digesting 
different fractions of the feed, especially carbohydrate fractions, which the animal itself is not 
equipped to digest because of lack of specific enzyme systems. Most microorganisms can 
produce several different enzyme systems, leading to difficulties in researching specific activities 
of enzyme components from bacterial or fungal enzyme systems. Cloning genes encoding for 
specific activities in enzyme systems is an option as research progresses. Research in this area 
lead to observation of microorganism enzyme systems containing from few to 20 or more 
enzymes, while other singular enzymes have very intricate mode of action, comprising modular 
proteins with several catalytic domains (Warren, 1996). The complexity of microbial enzyme 
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systems can be challenged by diet composition and may be modified by changes in chemical 
composition of different fractions of the diet. 
Interactions between the host and the intestinal microflora were cited by Bedford and 
Apajalahti (2001) to alter the concentrations of polyamines and volatile fatty acids, compounds 
known to influence processes in the intestinal growth and development, modulating villi 
structure and turnover rate, mucin production, and growth rate of the animal as a whole. Such 
situation can be compared to a cost/benefit relationship between the animal and the intestinal 
microflora, where an adequate partition of the available nutrients between animal needs and 
microflora necessities for survival, could be accomplished, from which the animal can be 
nutritionally favored. The authors also pointed out that the variety in microbial population 
present in different experiments could be the explanation for the wide variation in results 
obtained. 
In an overview on perspectives of microbial use of fiber in swine diets, Varel and Yen 
(1997) concluded that because the dietary fiber in swine diets may contribute significantly to the 
maintenance energy needs, improvements produced by changes in diet composition could 
provide higher energy release especially in reproduction diets (gestation/lactation). The authors 
pointed out that a potential increase in demand of cereals grains for human consumption could 
create the opportunity to increase the use of fibrous ingredients (grasses, legumes, feed milling 
and distillery by-products) in swine diets as these animals have greater capacity of microflora 
adaptation to fibrous components in the diet. 
Microflora in the swine gut is composed of highly active ruminal cellulolytic and 
hemicellulolytic bacterial species. In addition, those bacterial species populations respond 
rapidly to increase in plant cell wall materials in the diets by increasing their numbers to more 
efficiently digestion of the available substrates. 
 
Swine gastrointestinal (GI) tract digestion in relation to dietary fiber 
Processes of digestion have been exhaustively studied in swine. The processes involving 
development of endogenous enzymatic activities in swine and their relation to some different 
diet compositions have been reported (Jensen et at., 1997). However, information on the effect of 
DF on digestive secretions is scarce (Souffrant, 2001). The effects of different fiber fractions on 
digestion in each section of the GI tract can be different and cause a variable outcome in the total 
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tract digestibility. Among the factors that should be taken into account when studying 
gastrointestinal digestion in swine are the endogenous gut nitrogen losses resultant from protein, 
enzymes, mucoproteins, sloughing of intestinal cells and the presence of microbial population 
which dies and is carried with the digesta. The presence of microbial population in the intestine it 
is accounted for degrading amino acids to form ammonia and amines. Nyachoti et al. (1997) 
determined that about 25 to 30% of the nitrogen in the ileum derives from bacterial origin.  
Different portions of the GI tract respond in diverse ways to the same dietary 
components. An understanding of this can help nutritionists formulate diets with reduced 
negative effects on animal digestion, health, and performance.  
Stomach 
In a review by Back Knudsen (2001) it was illustrated that the effects of gastric emptying 
in swine were related to the absorption of nutrients. As dietary fiber increases in swine diets, the 
rate of stomach emptying reduces, which in pregnant sows subjected to restriction feeding 
systems can prolong the feeling of satiety. Gastric emptying rate seems to be mediated by 
differences in volumes and physical properties of lumen contents, but also responds to feedback 
control from duodenum receptors sensitive to osmolality, acidity, and other factors such as 
particle size and rheological properties of digesta. Contradictory reports of DF effects are likely 
to be related to differences in what form the DF was included in the diets tested. Growing pigs 
with gastric cannulae were tested (Johansen et al., 1996a) using wheat flour based diets or a 
variety of oat based (flour, rolled oats, or bran) diets to evaluate the effects of type and level of 
fiber on viscosity, water holding capacity, stomach emptying rate, and DM, CP and GE contents 
in stomach digesta. The level of fiber in the diet affected the initial gastric emptying (0.5 and 1 h 
after feeding). Marked rheological responses in stomach contents were observed in the diet with 
oat bran, especially for β-glucan levels (from intact cell walls) which increased viscosity of the 
gastric contents.  
Small intestine 
Souffrant (2001) reported that the effects of dietary fiber vary depending on the source 
and nature of fiber and relate to their chemical composition as well as to their physico chemical 
properties. Studies covering the effects of dietary fiber on digestibility and endogenous losses in 
pigs are numerous and either reported impairment in apparent ileal digestibility of nutrients when 
specific DF fractions were fed, such as gel forming polysaccharides (Murray et al., 1977; 
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Mosenthin et al., 1994; Van der Meulen et al., 2001) or little or no effects of DF in the 
digestibilities (Huisman et al., 1985; Sauer et al., 1991; Li et al., 1994). Reported results (Larsen 
et al., 1994; Li et al., 1994) have shown that pure cellulose has a less negative impact on 
digestibility when compared with other fiber types (i.e., hulls, bran, endosperm fiber or pectin). 
The review of Souffrant (2001) pointed out that DF solubility, viscosity and water holding 
capacity seem to be the most important factors influencing ileal digestibility of nutrients and 
endogenous losses in pigs. However, there may be additional physical and chemical properties of 
fiber responsible for those effects which were not studied thoroughly yet, such as direct 
stimulation of secretion of digestive enzymes by fiber content of the diet, and physico chemical 
properties of the DF effect on amino acid absorption (Bach Knudsen, 2001).  
Large intestine 
Carbohydrates, proteins and endogenous secreted compounds can be fermented in the 
large intestine. Carbohydrates represent the larger fraction among the solid contents passing from 
the small to the large intestine and are fermented mainly in the caecum and proximal portion of 
the colon; but depending on their chemical characteristics, carbohydrates can be fermented in 
diverse sites within the large intestine. As the digestion-resistant DF intake increases, the rate of 
passage decreases, influenced by stimulation of microbial growth, short chain fatty acids 
production, and by the mechanical action and water holding properties of the DF (Bach Knudsen, 
2001). 
Ramonet et al. (1999) tested growing pigs and non-lactating sows with three diets at 
different levels of crude fiber (CF), Low (L), Medium (M), and High (H) to evaluate the effects 
on ME and DE. Digestible energy and ME reduced linearly as the content of CF in the diet 
increased for both growing pigs and sows. However, the reduction was greater in growing pigs. 
Adult sows presented a greater capacity to digest fibrous diets than growing pigs, which could be 
explained by a more rich microbial population in the large intestine of sows. In two studies 
conducted by Kirchgessner et al. (1994), adult sows were fed three diets with graded levels of 
fibrous feedstuffs (wheat bran and alfalfa meal) to observe the effects on apparent digestibility of 
fibrous components and NSP, and efficiency of bacterial protein synthesis. Both fibrous 
feedstuffs produced a gradual reduction in digestibility of carbohydrate fractions. Carbohydrate 
fractions in wheat bran were more digested than alfalfa meal, with the exception of ADF and 
cellulose. Supplementation with fibrous feedstuffs caused significant variation in N balance. 
   
  40
Alfalfa meal addition to the diets produced effects on apparent N digestibility, with increased 
bacterial N as a result of a higher hind gut bacterial activity on the fermentable substrates 
available. 
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Chapter 3 
 
DEVELOPMENT OF TECHNOLOGIES AND CONCEPTS 
 
Introduction 
Several pre-experimental studies were performed to obtain, adapt and develop 
technologies and methods to be used in this research, as they were not previously used in the 
laboratories at the Department of Animal Sciences in the University of Kentucky. Adaptations in 
methodologies were performed to achieve results that were regarded as adjusted to the resources 
in animals, installations, equipment and human resources, and especially that would produce 
reliable data to be analyzed and interpreted. A description of the studies and reasoning for 
different choices made is presented in this section, with added literature review about the topics 
and technical references from manufacturers or technical support. 
 
Surgical ileal cannulation 
Information on a variety of materials to be used for cannulae in sows and methodologies 
were obtained. Mounted T-cannulae built of acetal homopolymer resin (Delrin 6006) used in 18 d 
old pigs (Walker et al., 1986); flexible T-cannula built of Tygon flexible tubing (formula 3606, 
Norton Plastics and Synthetics Division, Akron, OH) used in 100 kg gilts (Hamilton et al., 
1985); or mounted T-cannula made of rigid polyvinylchloride (PVC) fittings (Gargallo and 
Zimmerman, 1980) were critiqued. Those were determined to be more adequate for short-term 
utilization and not applicable for long periods of cannula maintenance with heavier sows. 
Finally, a T-cannula produced from type 304 stainless steel was chosen (Stein et al., 1998) for 
assessment. 
Dr. Stein provided a prototype of the simple stainless steel T-cannulae, to serve as model 
for fabrication in the machine shop of the Center for Biomedical Engineering at UK, located in 
the Wenner-Gren Research Lab Building on Rose Street. Specifications on materials and 
measurements to be used were obtained from Stein et al. (1998). A double L intestinal cannula 
built with PVC designed for cattle described by Streeter et al (1991) was also fabricated for use. 
Its use in larger animals and its ease of installation were deemed worthy of investigation. 
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The procedures involved in this project were included in a protocol approved by the 
Institutional Animal Care and Use Committee of the University of Kentucky, under the numbers 
970007A and 00392A2002. 
Observations and issues related to the surgical procedures 
At first, three gilts from the UK Swine Research Farm at Coldstream were cannulated 
with the stainless steel T-cannulae (Figure 3.1). Using the same cannulae and position of 
insertion described by Stein et al. (1998), it was observed that the portion of the barrel exposed 
was too short to hold the clear nylon washer and the PVC cap. One month after the surgery one 
of the gilts lost the cap and washer and the cannula was pushed to the inside of the surgical 
wound. Under sedation, unsuccessful attempts to recover the cannula were made. After 5 d, the 
wound was almost closed (about 0.5 cm in diameter) and ileal digesta leakage was minimal. No 
apparent discomfort was exhibited by the gilt. The gilt was euthanized on d 12 after loosing the 
cannula to allow post mortem observation 
of the surgical site and to remove the 
cannula. It was observed that the intestinal 
portion was attached to the body wall and 
connected to the muscles making a perfect 
conduct for the digesta to flow from the 
ileum to the exterior. 
A sow and a gilt were cannulated 
with a double L PVC cannula assembled 
in the laboratory using ¾ PVC pipes and T 
connectors (Figures 3.2 and 3.3) and 
observed for a few weeks. The gilt broke 
the barrel of the PVC cannula and the base 
was lost into the GI tract. As was observed 
previously, healing of the site of cannula 
exteriorization was rapid and without 
complications, and the piece of cannula lost 
was expelled in the feces within 2-3 d. The 
methodology was discarded as an option 
Figure 3.1. Stainless steel T-cannula. Adapted from 
Stein et al. (1998) 
Tubular 
Barrel 
PVC  
Cap
Nylon  
washer
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due to low resistance of the cannula material to the rough behavior of sows. 
Some modifications on T-cannula positioning on the abdomen wall and incision site were 
made in an effort to minimize problems with the size of the cannula barrel in relation with the 
thickness of the abdomen wall (Figure 3.4). A plumbing orange rubber washer was created and 
inserted also in the mounting of the cannula, in addition to the clear nylon washer and the PVC 
cap, to prevent damaging of tissues with the clear nylon washer being pressed and rubbed as the 
animals moved or lay upon the cannula. 
 
 
 
Ileal digesta collection 
After the initial surgeries, three 1-d tests of ileal collection were conducted to observe 
ileal digesta flux and consistency throughout the chosen period of collection (12 hours 
continuously).  
No standard pattern of flux was 
observed in any of the gilts observed 
during the tests. Flux of ileal digesta 
could start as early as 2 hours after the 
meal or as late as 4 hours after the meal. 
No relation to animal activity was 
observed. The volume observed during 12 
hours collection in a continuous fashion 
was from 1.5 to 3.5 liters. 
 
Figures 3.2. and 3.3. Sow and gilt surgically fitted with double L PVC cannula. 
3.2 3.3
Figure 3.4. Positioning of cannula and surgical incision 
with the cannula in a caudal position. 
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Protocol for determination of sugars  
It was necessary to develop an assay for determination of RFOs in feed and in ileal and 
fecal samples. To gather information about possible options and methodologies regarding sample 
handling, extraction, and treatment, a review of the literature about sugar determination and 
different type of samples handled was performed.  
Literature review for assays to determine RFO sugars 
Primary information on assays to detect sugars in different types of samples, such as 
plant materials, feed mixtures, and ileal digesta were gathered from several references (Molnár-
Perl and Pintér-Szakács, 1984; Li et al., 1985; Bach Knudsen and Li, Johansen et al., 1996b; 
1991; Gdala et al., 1997ab; Hartwig et al., 1997; Locher and Bucheli, 1998; Sánchez-Mata et al., 
1998; Jones et al., 1999; BIO-RAD publication # 85-0240 685 1157-HPLC columns for 
carbohydrate analysis; and Supelco Chromatography publications: # 921077-04, Bulletin 792C 
(1999), and Chromatography Catalog 2000/01).  
Initial tests and evaluation of technologies 
Evaluation of HPLC 
The first option for validation was a High Performance Liquid Chromatography (HPLC) 
assay due to its speed and a rather simple preparation necessary to start tests. The facilities and 
equipment used were in 218 W. P. Garrigus Building. Tests were started by preparing standards 
with raffinose and/or stachyose preparations and running them on a Supelcogel H column (5 cm 
x 4.6 mm, max. temperature 50°C, cat. # 5-9346) adapted to a Supelcogel guard column C-610H 
(cat. # 5-9319). Peaks observed in the chromatographs for the standards tested showed retention 
times that differed by less than a minute between raffinose and stachyose, which could allow 
potential confounding and misinterpretation of results when actual complex samples were 
considered.  
Considerations about cleanliness of actual samples were made, and measures were 
chosen to assure samples would be clean enough to run in an HPLC system without damaging 
the equipment while assuring reliable sample results. To obtain a rather clean sample it was 
necessary to conduct a cleaning procedure composed of several steps after an initial extraction 
with ethanol 50% (v/v). At least one washing with deionized distilled water and filtering was 
necessary, followed by sample desalting and filtration through a C-Pak 18 cartridge to eliminate 
lipids and other similar molecules. In addition, a new HPLC column was the best option to 
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produce the conditions necessary to obtain retention times separated by at least one minute, 
where every compound would be warranted identification. The column of choice was an SPB-1 
series from Supelco (catalog # 24230-U), which permits higher temperatures (close to 90°C) and 
consequently better separation of the sugars of interest.  
Considerations and following steps 
After considering the cleaning process and preparations involved in use of the HPLC 
system where within and between samples errors and sample losses could be produced, as well 
as costs of column and extra supplies necessary for the cleaning processes, a decision was made 
to pursue other technologies which might minimize non measurable errors, such as loss of 
sample during sample cleaning and uncertainty of sample cleanliness. 
Evaluation of Gas Liquid Chromatography 
Gas Liquid Chromatography (GC) using a capillary column was the next option as it 
presents a sensitivity about ten times higher than HPLC, making the system suitable for samples 
with unknown or very low concentrations of carbohydrate. At the same time, the use of an 
alternative stainless steel packed column reported by Molnár-Perl and Pintér-Szakács (1984) 
appeared to be adequate as an option as the process of sample extraction and derivatization 
would be the same for capillary column use, and the packed stainless steel column had the 
advantage of easier handling and care than a capillary column. 
Main points considered when choosing between HPLC and GC, were: HPLC is very 
appropriate for rapid analysis of large sample quantities of simple mixtures where sample 
preparation requires less effort (no derivatization is required) and speed of analysis is 
advantageous; GC is especially favored for complex samples or for samples containing unknown 
or low concentration of carbohydrates. Other features of GC considered advantages were: 
extensive clean up for samples is not always necessary; derivatization of samples, particularly 
silylation procedures, are specific to compounds with active hydrogens, such as carbohydrates. 
Derivative forms for carbohydrate analysis by GC 
Carbohydrate compounds are non-volatile and need enhancement of their capacity to 
volatize by means of forming chemical derivatives to permit analysis by GC. The most common 
derivatization is to trimethylsilyl (TMS) esters first described for the analysis of carbohydrates 
by Sweeley et al (1963). Carbohydrates exist in solution as a mixture of anomeric and acyclic 
forms. Thus, to analyze more complex mixtures, a modified derivatization procedure is usually 
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more appropriate as it results in a more clean final mixture for GC analysis. Additionally, to 
reduce the number of isomers of the sugars of interest in a sample (which has a mixture of 
anomeric and acyclic forms of the sugar of interest), an extra step (conversion to oxime) can be 
included in the derivatization process. This step involves modification of the reducing function at 
the anomeric carbon. Conversions to oximes, methyloximes or reduction are the most used 
modifications. Oxime and methyloxime derivatives exist in the two closely related syn- and anti-
isomeric forms.  
Derivatization process 
The derivatization process chosen was based on the methodologies described by Molnár-
Perl and Pintér-Szakács (1984), and Bach Knudsen and Li (1991). The procedures and 
calculations are presented in Appendix 6. For the tests it was decided standards for 
monosaccharides (D-(-)Fructose; Eastman Kodak Co., Rochester, NY, 14650; catalog no. 679; 
D-(+)Galactose, catalog no. G-0750 and D-(+)Glucose, catalog no. G-8270; Sigma-Aldrich Co., 
Saint Louis, MO, 63178), disaccharide (Sucrose (sacharose); Fisher Scientific, Fair Lawn, NJ, 
07410; catalog no. CAS 57-50-1), and RFOs (D-(+)Raffinose; catalog no. R-0250, and D-
(+)Stachyose; catalog no. S-4001; Sigma-Aldrich Co., Saint Louis, MO, 63178; Verbascose; 
Megazyme International Limited, Wicklow, Ireland) should be used to determine peak retention 
times, and create calibrations for the actual analysis of samples.  
Tests with the standards determined that galactose and glucose eluted in the same peak 
when both standards were present in the mixture. To measure their relative peak size response, 
standards with galactose or glucose were tested where it was observed a similar response in peak 
height and area for the same amount of either monosaccharide. Tables of results are presented as 
glucose+galactose for their elution peak as it is impossible in this assay to separate them or to 
estimate their amounts from calculations. 
The tests were also made with freeze dried digesta that originated from the collection 
tests performed to verify flux and constancy of flux throughout a day of collection. 
Extraction and preparation of samples 
According to Johansen et al. (1996b) water is the choice for extraction solvent of 
oligosaccharides. However, the use of water allows enzymes to continue action of degradation 
during the extraction (Bach Knudsen and Li, 1991). Thus, as suggested by the authors for other 
plant materials that may have higher enzymatic activity, which also would be the case for ileal 
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digesta and fecal matter, the samples should be treated with 50% alcohol at higher temperatures 
to prevent enzymatic activity. Sample extraction with 50% ethanol (v/v) procedures for GC 
based on Bach Knudsen and Li (1991) were used for all samples. Tests on amounts recovered 
from ileal and diet samples suggested a larger sample size than the described was necessary to 
assure detection of small concentrations of sugars. The sample size of choice was 1 to 1.5 g. 
Detailed procedures are presented in Appendix 6. 
Testing the accuracy of the assay 
After having the tests for proper GC determination concluded, some additional tests were 
performed to assure the assay was detecting the amounts expected to be observed in animal diets 
and feedstuffs. 
In Figures 3.5 through 3.7 the results observed in the analysis of percentage sucrose, 
raffinose and stachyose are plotted against the percentage of SBM added to the diet. These 
results were from dog diets containing different amounts of low oligosaccharides SBM (data  
provided by RyanYamka, 2003). It can be observed that as the inclusion of SBM increases in the 
diet, the concentration of the sugars increases in a linear manner producing linear regression 
equations with coefficients of variation (r2) varying from .969 to 995. 
In addition, several preparations of different proportions of ground corn and SBM were 
mixed and evaluated through the whole 
determination process. Preparations were 
constituted as follows: 100% corn, 85% corn and 
15% SBM, 80% corn and 20% SBM (which would 
be approximately the amount of SBM in a sow 
diet), 75% corn and 25% SBM, and 100% SBM. 
The results for all the sugars detected in the 
mentioned samples were recorded and plotted in a 
graph.  
All samples collected during the experimental studies were analyzed for all sugars. That 
includes, feed, freeze dried ileal digesta, and dried fecal matter samples.  
The fact that the amounts recovered after extraction and detected by the GC 
determination were quite small created the expectation that apparent digestibility coefficients 
would be highly variable, especially when the length and microbial colonization of the GI tract 
Figure 3.5. Diet results for % of sucrose plotted 
against % SBM in the diet. 
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of an adult sow was taken in consideration compared to a younger pig. Variability in the 
digestibility coefficients was expected. 
Only traces of verbascose were observed in the CSBM mixtures (Figure 3.8), which lead 
to an assumption that values observed in the actual diets would be very small or not be 
detectable, as would be found for values in ileal digesta samples or fecal samples. 
Figure 3.6. Diet results for % of raffinose 
plotted against % SBM in the diet. 
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Figure 3.7. Diet results for % of stachyose 
plotted against % SBM in the diet. 
Figure 3.8. Results for mixtures of corn and SBM. 
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Chapter 4 
 
GENERAL METHODOLOGY 
 
Animals 
Animals used in these studies were crossbred Yorkshire x Landrace mature females from 
the UK Coldstream Swine Research Farm. Several criteria were used for selection of animals for 
the surgery and subsequent studies in an attempt to create a study group with minimal variation. 
Sows were selected by age, number of litters, reproductive performance (number of live born, 
estrus pattern, and number and weight of pigs weaned) and body conformation and condition 
(animals with longer body shape, healthy hooves and no history of laminitis). 
 
Surgeries 
The surgical procedures were performed in the Department of Animal Sciences surgical 
facilities in room B-18 of the W. P. Garrigus Building, and sows were kept in pens adjacent to 
those facilities. Sows were deprived of feed for 36 hours prior to the surgery. The animals were 
anesthetized with a drug combination of 2.2 mg/kg BW of Ketamine HCl (Ketaset®; Fort Dodge 
Laboratories, Fort Dodge, IA) and 4.4 mg/kg BW of Tiletamine HCl and Zolazepam HCl in 
equal parts (Telazol®; Fort Dodge Laboratories, Fort Dodge, IA) injected i.m. in the trapezius 
muscle in the neck. Anesthesia was maintained with 2 to 3% halothane and an oxygen-nitrogen 
mixture delivered through an oral/nasal mask in a closed circuit system. Surgeries and cannula 
insertion were performed according to Stein et al. (1998) as modified by earlier pilot surgeries 
for these studies. The surgeries lasted from 40 to 80 minutes. As the surgery was finished, sows 
were moved to a recovery pen or to individual pens in a gestation room. Sows were observed 
until fully awake and standing. Sows were administered 0.9 mg of Buprenorphine HCl 
(Buprenex®; Reckitt & Colman Pharmaceuticals Inc., Richmond, VA) injected i.m. as analgesic 
at the end of the surgery and repeated 12 hours after the first dose. For 4 d after the surgery sows, 
were treated prophylactic with 4 mg/kg of Cetiofur HCl in a sterile suspension (Excenel®; 
Pharmacia & Upjohn Company; Kalamazoo, MI) to prevent development of infections related to 
post surgical trauma. Body temperatures were monitored daily for 1-wk after the surgery. The 
wounds and the cannulae were cleaned daily during a 2-wk recovery period. The wounds were 
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treated with a nitrofurazone ointment (Sanofi Animal Health, Overland Park, KS) until 
completely healed. During the recovery period cannulae were opened daily and digesta flow 
observed for at least 10 minutes to assure proper function of the cannula. Procedures are 
provided in Appendix 7. 
 
Enzymes/enzyme products  
The enzyme products (Allzyme VegPro® and Fibrozyme®) as well as the carrier were 
obtained from Alltech Inc. (Nicholasville, KY) in commercial size buckets (5 lb) for the first 
experiment. The pure enzymes (α-galactosidase and protease) and carriers for the second 
experiment were provided by Alltech, Inc. (Nicholasville, KY) through their research branch. 
For the third experiment Allzyme VegPro® was obtained from Alltech, Inc. in a commercial size 
bag. All enzymes/enzyme products were stored in tight containers inside a cold room at 4-8°C.  
 
Diets  
Diets were produced at the UK Coldstream Feed Mill as a single batch of basal diet for 
every period of collection, where all ingredients but the enzymes/enzyme products were blended 
together. The complete basal diet was then transferred to the W. P. Garrigus Building Animal 
Laboratory and mixed to the dietary treatments with appropriate enzymes/enzyme product or 
carrier in a 150 kg horizontal mixer to produce the treatment diets to be fed to the females 
throughout each collection period. This process was repeated for every collection period and 
diet. 
 
Laboratory procedures 
Determinations of dry matter (DM), nitrogen (N), chromium, and gross energy (GE) 
Dry matter was determined after drying the samples overnight in an oven at 105°C, and 
moisture content calculated by difference (adaptation of the method from the AOAC, 1995). 
Nitrogen was analyzed using Dumas methodology in a LECO FP-2000 Automated Analyzer 
(LECO Corporation, Saint Joseph, MI, www.leco.com), and determination of GE was performed 
by ignition of the sample under oxygen environment, and measurement of the heat of 
combustion of the samples using a Model 1261 Parr Technology (Parr Instrument Company, 
Moline, IL, www.parrinst.com) oxygen bomb calorimeter (adaptation of methods from the 
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AOAC, 1995). Chromium content in the samples was analyzed through a modification of the 
procedure established by Williams et al. (1962). Detailed methodologies are described in 
Appendices 1 through 4. 
Determination of NDF and ADF 
The assay objectives were to measure plant components digested chemically through the 
action of the neutral (residue composed by hemicellulose, cellulose and lignin) and acid (residue 
composed by cellulose and lignin) detergent solutions. Acid detergent fiber content was 
performed using a modified assay based on Van Soest (1963) and neutral detergent fiber content 
was based on a modified assay from Van Soest (1967). Detailed description of assays is 
presented in Appendix 5.  
Determination of mono-, di-, and oligosaccharides 
A new protocol was validated for the determination of mono-, di-, and raffinose family 
oligosaccharides. The procedures were based on the methodology described by Molnár-Perl and 
Pintér-Szakács (1984) and Bach Knudsen and Li (1991). The samples were extracted with 
ethanol 50% (v/v) as the solvent, completely dried in a vacuum rotor at 60ºC and derivatized to 
trimethylsilyl oximes as follows: the dried extracted sample was treated first with dimethyl 
sulfoxide in a water bath at 75ºC for 10 min. After cooling, a pyridine reagent containing 
hydroxylamine hydrochloride and β-D-glucopyranoside as an internal standard was added and 
the mixture set in the water bath at 75ºC for 30 min, sonicated for 6 min and returned to the 
water bath for 30 additional minutes. The solution was cooled at room temperature, 
hexamethyldisilazane and trifluoroacetic acid were added and the mixture placed in the 75ºC 
water bath for 20 min; then the mixtures were centrifuged and an 1 ml aliquot was taken from the 
supernatant for GC injection and analysis. The process for development and use of this protocol 
was described in Chapter 3 and the details about the determination procedures and calculations in 
Appendix 6.  
Apparent digestibility calculations 
Apparent digestibilities of nutrients for ileal and total tract digesta were calculated with 
values corrected for DM, using the following equation: 
 
 Apparent digestibility % =  100 x    % Cr in feed          x   % Nutrient in feces      
                                                           % Cr in feces             % Nutrient in feed 
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Ileal digesta and fecal collections 
Gestation collection periods were performed on wk 6 and 7, and 12 and 13 of gestation, 
being referred as early and late gestation, respectively, for each 2-wk period. The lactation 
collection period was performed in wk 2 and 3 of lactation. Samples of ileal digesta were 
collected for 12 hours during each of the two collection days in each collection period, after an 
adaptation period to the diet of 5 days. Samples were collected and frozen to be later pooled by 
week of collection and animal for chemical/physical analysis. Fecal samples were collected on 
any day after the first 3 days of diet adaptation, until enough material was obtained and frozen 
for further analysis. 
Handling of samples 
Ileal digesta samples were collected as soon as the sampling bag was full. Special care 
was taken to avoid samples in the collection bags for longer than 30 minutes. Samples were 
temporarily stored in a cooler with ice and then transferred to a -20°C freezer as soon as possible. 
During lactation, samples were collected and immediately stored in a -20°C freezer. 
Fecal samples were collected fresh and immediately stored in a -20°C freezer. Feed 
samples were collected at mixing. 
 
Data collection (gross reproductive performance) 
Females were weighed weekly during the time they were kept in the research facilities. 
Weights were recorded and used to allot sows to the treatment diets for each of the collection 
periods. During the lactation phase, as the sows farrowed, sows were weighed and medicated, 
and individual piglets were weighed, processed normally for newborns, and ear notched for 
individual identification.  
 
Statistics and interpretation of data results 
Experiments were constructed based on a crossover design (Mason et al., 1989). The 
experimental design was selected on the following facts and assumptions: physical labor 
involved in sample collection and physical space for animals limited the number of experimental 
units, duration of time periods following diet change is sufficient to allow dietary treatment 
effects to be imparted, dietary treatment effects are not carried from one time period to the next, 
and dietary treatment effects do not change over time (that is there are no time by treatment 
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interactions) when two subsequent collection periods are considered. Experimental units (sows) 
were assigned randomly to the treatment diets with post-allotment assessment of genetics and 
body weight of the experimental units to evaluate disproportionate balance to the treatment diets. 
The actual randomization of animals and treatment diets are in Tables 5.3, 6.3, and 7.3, in 
Chapters 5, 6, and 7, respectively.  
Background information and reasoning on power calculations 
Because this type of supplemental enzyme research with sows is relatively new (i.e. 
considered more discovery research than confirmatory research), Type II statistical errors 
(false negatives) were of concern. To assure that data were treated in a manner in which Type II 
errors might be minimized, considerations about power of the statistical tests performed were 
taken and power calculations for specific statistics were performed. 
In the book on power analysis by Cohen (1987) the author stated: "the power of a 
statistical test of a null hypothesis is the probability that it will lead to the rejection of the null 
hypothesis, i.e., the probability that it will result in the conclusion that the phenomenon exists". 
Therefore, power can be defined as how confident a researcher is about having detected a 
treatment effect if this effect actually exists. The power of a test can be determined by 
considering the characteristics of a specific statistical test of the null hypothesis and the 
population in the test. Discovering that the power of a statistical test is low may happen during 
the planning phase of an investigation. This situation can lead to a revision in the plans, which 
would generally involve increasing sample size, or decreasing the number of treatments, or 
changing the chosen significance level (α). However, Cohen (1987) points out that after the 
experiment is completed, the data retrieved can lead to the acceptance of the null hypothesis 
wrongly that is a false negative or Type II Error, when not considering the chances of a 
difference to be detected being to small at the start. Moreover, failure to reject the null 
hypothesis does not have much substantive meaning if the pre-experimental probability of 
rejecting the null hypothesis was already low. When the power of a statistical test is studied, 
there are some parameters to be considered: the degree of the treatment effect (the effect size, or 
magnitude of the effect), the experimental variation, and if this effect can be detected by the 
experimental design and analysis utilized (Cohen, 1987; Quinn and Keough, 2002). Among the 
experimental design and statistical analysis there are some factors which can impact greatly the 
power of a test, such as significance level of the test (α) and sample size. 
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Significance level (α)   
Also called Type I Error (or false positive; that is when the null hypothesis is rejected 
wrongly), the significance level is the probability of rejecting a true null hypothesis. Generally a 
small value is considered to be more rigorous as a standard or proof of existence of treatment 
results. The lower α is, the lower the chances that samples will provide results meeting 
previously set statistical standards. As α value increases, the probability of data meeting 
statistical standards increases (and thus does the potential for false positives increase).   
When testing the power of a statistical evaluation, the complement of power (1-β, where 
β is called Type II Error, or the probability of failing to reject a false null hypothesis) can be used 
as a tool to provide information on the probabilities of finding differences between experimental 
treatments. An investigator may choose a low value for α without considering the implications 
that this may cause a reduction in the power of the statistical test to find true differences. When 
this happens during planning it may be corrected by reviewing the level of significance more 
appropriate for the specific statistical test, or changing to a larger sample size, consequently 
increasing the chances to statistically observe and detect treatment effects.  
Thus, a balance must be arrived at between the two types of error possibilities. The 
conception of the relation of Type I to Type II Error (risk of false null rejection to risk of false 
null acceptance) or β/α can be evaluated and the researcher make decisions based upon this 
relationship. In Cohen (1987) an example says: if α = 0.001 and power = 0.10 (so, β = 0.90), 
then β/α  = 0.90/0.001 = 900 to 1, meaning that "the risk of mistakenly rejecting the null 
hypothesis under the assumed conditions is 900 times more serious than mistakenly accepting 
it". If one considers the value of power = 0.80, then the probability of incurring a Type II error is 
β = 0.20. Compared with the previous example, β/α  = 0.20/0.001 = 200 to 1, the risk of 
mistakenly rejecting the null hypothesis is considerably lower. Further, if α = 0.05 (a commonly 
used α level), then β/α  = 0.20/0.05 = 4 to 1, the risk of rejecting the null hypothesis wrongly is 4 
times as serious as wrongly accepting it. For agricultural data sets it is considered reasonable to 
take power of at least 80% (Snedecor and Cochran, 1989). These examples do not consider 
directionality of the significance level, if the null hypothesis can be rejected at either direction in 
the population distribution, the critical significance region will be situated in both tails of the 
distribution, resulting in less power for the test in consideration. In most areas of biological 
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research, low values of α have been used, justified by the desire to not accept an effect that may 
not be real (this is desirable for product safety). However, this may adversely affect the power of 
the evaluation,  and one should place little confidence in a conclusion made based on low power 
results, where the probabilities to find effects of treatments were already very low (Cohen, 1987; 
Peterman, 1990). 
Sample size and reliability of sample results 
When planning an experiment, sample size is an obvious consideration as it affects 
treatment results and the capacity of the statistical test to detect differences in the effects of 
treatments, as well as the way results are interpreted. To obtain dependable results an adequate 
statistical design and sample size must be used. The reliability of a sample result is defined as the 
degree of representation that the result value has of the population, that is, how close the value is 
in relation to the population mean. Reliability may or may not be dependent on the unit of 
measurement, population mean, and shape of population distribution, but it is always dependent 
on size of the sample. However, when planning for the experiment external factors, such as cost 
of experimental units and procedures executed, physical facilities, plus the time involved in 
laboratory analysis, they may restrict a researcher to the relative low number of observations.  
To assure the reliability of the results, there are several ways the statistic can be assessed. 
One of the most used in animal sciences is the standard error of the mean (SEM). As the size of 
the sample increases, and other sources of variation are controlled, the tendency is for the SEM 
to decrease, increasing precision of results, thus the probability that an effect of treatment (effect 
size) can manifest more clearly. Other estimates of variation such as the coefficient of variation 
may be used in the evaluation of reliability. 
Effect size 
The effect size means in this situation "the degree to which the null hypothesis is false" 
(Cohen, 1987). That is, the magnitude of the difference observed between treatments. The effect 
size will impact directly power of a statistical test; that is, whenever the effect size to be detected 
is small (the differences in the population, which presents background variability) the power of 
the statistical test will decrease, meaning that the probability to detect the difference is small.  
Examples of power analysis 
The power of a statistic test can be analyzed in several ways, using diverse information 
about the referred statistic test. Calculating power of a statistic test involves the four parameters 
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referred previously, which are deeply interrelated, and any one of them can be a function of the 
other three. This leads to four possible calculations of power analysis, where three of the 
parameters determine the final one. Power analyses are ideally performed prior to 
experimentation but they can be performed after studies are concluded. To calculate power of a 
specific study after the experimental periods are concluded, power as a function of α, effect size 
and n, and α as a function of n, power and effect size can be used to produce statistical 
information to further evaluate the results obtained from the experimental trials. 
There are many tables formulated to calculate power in the literature (e.g., Cohen, 1987; 
Mothuslki, 1995; Quinn and Keough. 2002), and they can be used in different ways to provide 
information about best sample size, significance level and effect size expected in a given set of 
data to be considered in a specific experimental set.  
Some power calculations were performed in general data published by Cohen (1987), 
sow data published by Stein et al. (1999a), and growing pig data published Smiricky et al. (2002) 
to show how sample size, effect size (True [µ -µ0]), and significance level (α) can impact the 
probability of finding the differences between means (Tables 4.1, 4.2, 4.3 and 4.4). 
Proving the null hypothesis 
Obtaining nonsignificant results in an experimental trial does not necessarily mean that 
the null hypothesis is true. It may happen that the data does not warrant the conclusion that the 
population means differ for reasons such as small sample size, low power, too strict significance 
level, or that the population effect size is too small. Usually relatively large sample sizes are 
necessary when the effect size of a population is small. Aaron and Hays (2001) pointed out that 
increasing sample size/number of replications is the first technique to improve precision in 
designing experiments. However, this improvement is not linear, it decreases as the number of 
replications increases. Other constrains have to be taken into account, such as whether a number 
of replicates is viable to handle when considering sample collections, handling of samples and 
sample analysis.  
The values used to demonstrate how power of a statistic can change widely when the 
sample size (n), the assigned significance level (α) and the variation in the data (standard 
deviation or variance) are shown in the following tables. For the example in Table 4.1, it can be 
seen that when the α level is the same but the difference between means being compared is 
   
  57
greater, the power of this test is greater, and as the α level is increased (the rigidity on avoiding 
Type Error I is decreased) the power of the statistic test is increased as well. 
 
Table 4.1. Power calculations using example 2.1 from Cohen (1987) a. 
Variable n STDEV α b True [µ -µ0] Power c 
1. Maze learning in rats 30 2.00 0.10 0.71 0.60 
2. Maze learning in rats 30 2.00 0.10 1.15 0.93 
3. Maze learning in rats 30 2.00 0.05 0.71 0.47 
4. Maze learning in rats 30 2.00 0.05 1.15 0.86 
5. Maze learning in rats 30 2.00 0.01 0.71 0.23 
6. Maze learning in rats 30 2.00 0.01 1.15 0.65 
a  Calculations for ANOVA two paired t test performed using Russ Lenth power and sample size page at the 
University of Iowa (http://www.stat.uiowa.edu/~rlenth/Power/). 
b  Significance level of the statistic test. 
c    Probability of finding the difference between the means. 
 
When considering the example in Table 4.2, with two sample sizes tested for power, it is 
demonstrated that as the number of observations increases, considering the same α level and the 
same standard deviation and true difference between the means, the higher the chances to 
actually detect differences among means. The same pattern is shown in relation to the 
significance level, where as the α level increases, being more relaxed, the higher the power for 
the specific tests is.  
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Table 4.2. Power calculations using example 2.6 from Cohen (1987) a.. 
Variable n STDEV α b True [µ -µ0] Power c 
1. Teaching programs 50 0.67 0.10 0.40 0.99 
2. Teaching programs 24 0.67 0.10 0.40 0.88 
3. Teaching programs 50 0.67 0.05 0.40 0.99 
4. Teaching programs 24 0.67 0.05 0.40 0.80 
5. Teaching programs 50 0.67 0.01 0.40 0.93 
6. Teaching programs 24 0.67 0.01 0.40 0.56 
7. Teaching programs 50 0.67 0.005 0.40 0.89 
8. Teaching programs 24 0.67 0.005 0.40 0.45 
a  Calculations for ANOVA two paired t test performed using Dr. Russ Lenth power and sample size page at the 
University of Iowa (http://www.stat.uiowa.edu/~rlenth/Power/). 
b  Significance level of the statistic test. 
c    Probability of finding the difference between the means. 
 
Calculations performed using actual data from Stein et al. (1999a) presented in Table 4.3 
showed that the probability to detect the differences between the means decreased as the 
significance level was restricted. In this experiment, crude protein ileal digestibilities for diets 
based on cereal grains (corn, barley and wheat) or protein concentrates (SBM, canola meal and 
meat and bone meal) ranged from 58.4 to 68.9 for growing pigs, from 52.2 to 69.5 for gestating 
sows, and from 57 to 80.5 for lactating sows. Additionally, when the sample size was considered 
double the size it was actually used in the experiment, the power increased considerably, 
increasing the probability to detect differences in the statistical test. However, this was an 
experiment with surgically modified sows where the costs and time constraints considered in 
managing sample collections had to be accounted for, and the actual number of observations 
used was 6. Based on the earlier statement (Snedecor and Cochran, 1989) that a power of 0.80 is 
desirable in agricultural experiments, it can be seen that is only achieved, then with an α level of 
0.10. 
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Table 4.3. Power calculations using actual data for apparent ileal digestibility of semipurified 
SBM based diet in gestating sows from Stein et al. (1999a) a. 
Variable n STDEV α b True [µ -µ0] Power c 
1. Crude protein 6 2.9 0.10 2.4 0.54 
2. Crude protein 6 2.9 0.10 3.5 0.81 
3. Crude protein 6 2.9 0.05 2.4 0.38 
4. Crude protein 6 2.9 0.05 3.5 0.66 
5. Crude protein 6 2.9 0.01 2.4 0.13 
6. Crude protein 6 2.9 0.01 3.5 0.30 
7. Crude protein 12 2.9 0.05 2.4 0.74 
8. Crude protein 12 2.9 0.05 3.5 0.97 
a  Calculations for ANOVA two paired t test performed using Dr. Russ Lenth power and sample size page at the 
University of Iowa (http://www.stat.uiowa.edu/~rlenth/Power/). 
b  Significance level of the statistic test. 
c   Probability of finding the difference between the means. 
 
In the example from Smiricky et al. (2002) presented in Table 4.4, ileally cannulated 
growing pigs were fed semipurified diets containing either soy protein concentrate or SBM, with 
or without soy solubles (to increase concentrations of raffinose and stachyose in the diets) to 
evaluate the digestibility of DM, N, amino acids and oligosaccharides. In the power calculations 
tested, it can be observed that as the number of observations changes the power of the statistical 
test increases. In the actual study, 14 growing pigs were used, but when 8 pigs were tested to 
calculate how the power would be impacted, it was observed a large decrease in power for the 
specific statistical test for both significance levels calculated.  
Considering examples used for tables 4.3 and 4.4, the true differences observed between 
means of the treatments used for the present power calculations ranged from 0.7 to 2.4% for 
crude protein/nitrogen ileal digestibility. 
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Table 4.4. Power calculations using actual data for apparent ileal digestibilities in growing pigs 
from Smiricky et al. (2002) a. 
Variable n STDEV α b True [µ -µ0] Power c 
1. Nitrogen 14 1.3 0.10 0.7 0.60 
2. Nitrogen 14 1.3 0.05 0.7 0.46 
3. Nitrogen 14 1.3 0.01 0.7 0.21 
4. Nitrogen 14 1.3 0.05 1.4 0.96 
5. Nitrogen 14 1.3 0.01 1.4 0.82 
6. Nitrogen 8 1.3 0.10 0.7 0.40 
7. Nitrogen 8 1.3 0.05 0.7 0.26 
8. Nitrogen 8 1.3 0.01 0.7 0.08 
a  Calculations for ANOVA two paired t test performed using Dr. Russ Lenth power and sample size page at the 
University of Iowa (http://www.stat.uiowa.edu/~rlenth/Power/). 
b  Significance level of the statistic test. 
c    Probability of finding the difference between the means. 
 
The final goal to power calculations is to observe how likely is the possibility to detect a 
specific effect in a statistical test and ultimately reject the null hypothesis. In conclusion, 
calculations of power of a statistical test may not give definitive answers about why 
positive/negative results were not observed, but might explain why significant differences were 
not detected by the statistical analysis performed under the conditions in which the experiments 
were performed. 
Nevertheless, non-planned situations (such as lost of experimental units and high 
variation between experimental units) can occur during the execution of an experiment. The cost 
of increasing replication number had to be considered as one constraint when utilizing surgically 
modified animals as well as farrowing facility space may present restrictions in a modular swine 
production site. 
Based on the tests on power calculations and the expected high variation between the 
animals and limited numbers of surgically modified animals used in this dissertation, an α level 
of 0.10 was chosen with a P < 0.15, then indication of tendency for a response. 
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Chapter 5 
 
EFFECTS OF EXOGENOUS ENZYME SUPPLEMENTATION ON THE 
DIGESTIBILITY OF GESTATION-LACTATION SWINE DIETS 
 
Summary  
Two commercial enzyme products containing either cellulase and protease activities (Enz 
1) or xylanase activity (Enz 2) were supplemented to gestation and lactation diets to evaluate 
their effects on ileal and total tract nutrient digestibilities in crossbred females (n = 11; mean 
body wt = 181.8 ± 18.1 kg) fitted with ileal T-cannulae. Enzyme products were added to a 
fortified CSBM control diet (0.81% lysine, 0.73% Ca, and 0.61% P) and fed during three 
collection periods. Dietary treatments were: control CSBM diet (Control); control plus Enz 1 
(7,700 HUT of protease activity/kg diet and 75 CMC of cellulase activity/kg diet; Enz 1), and 
control plus Enz 2 (100 XU of xylanase activity/kg diet; Enz 2). Ileal and fecal samples were 
collected at wk 6-7 and wk 12-13 of gestation and wk 2-3 of lactation. Females were randomly 
allotted to a diet in each week of the collection period. Fecal sample collection took place 
between d 4-7 and ileal samples were collected for a period of 12 h on d 6 and d 7 during each 
week. Apparent digestibility of DM, N, GE, ADF, and NDF was determined using Cr2O3 as an 
indigestible marker. Collection period x diet interactions were observed (P < 0.10) for ileal 
digestibilities of DM, N, and GE showing a reduction on digestibilities during lactation. Thus, 
gestation and lactation data were analyzed separately. There were no effects (P > 0.10) of the 
enzyme products on nutrient digestibility during gestation. A reduction of ileal digestibilities of 
GE, ADF and NDF was observed for the late gestation period. Apparent ileal digestibilities 
during lactation were improved by Enz 1 supplementation for GE (81.5 vs 79.5, P < 0.09) with a 
tendency to increased DM and NDF ileal digestibilities (79.3 vs 77.3, P < 0.11; 46.1 vs 39.6, P < 
0.16, respectively), and were improved by Enz 2 supplementation for DM, N and GE (81.7 vs 
77.3; 84.3 vs 81.2; 83.8 vs 79.5; P < 0.02, respectively) when the enzyme supplemented diets 
were compared to the control diet. A tendency to increased NDF ileal digestibility (47.1 vs 39.6; 
P < 0.11) was observed for Enz 2 compared to the control diet. Total tract digestibilities of DM, 
N, and GE were improved by Enz 2 (90.8 vs 89.8; 90.6 vs 89.0; 91.9 vs 90.7; P < 0.05, 
respectively). Enz 1 increased DM and N total tract digestibilities (90.7 vs 89.8, P < 0.05; 90.1 
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vs 89.0, P < 0.10, respectively). Under the conditions of this experiment, supplementation of 
enzymes during gestation was not beneficial. However, positive effects of enzyme 
supplementation during lactation were observed for Enz 2 on DM, N, and GE on ileal and total 
tract digestibilities and for Enz 1 on ileal digestibility of GE, DM and N total tract digestibility. 
 
Introduction  
The use of enzymes in swine diets has been greatly expanded in the last decade. Some 
enzyme mixtures (various associations of β-glucanase, xylanase, protease, cellulase, mannanase, 
etc.) have been extensively studied when supplemented to specialized diets (containing barley, 
rye, wheat, lupins) for swine and poultry (Gdala et al., 1997ab; Kocher et al., 2000; 
Mavromichalis et al., 2000; Kim et al., 2001; Mathlouthi et al., 2002). Although CSBM based 
diets were considered efficiently digested (Smiricky et al., 2002) as their antinutritional factors 
(i.e., oligosaccharides) are encountered in small amounts in both feedstuffs, recently researchers 
obtained improvements in digestibilities of nutrients and performance for poultry (2.5% of ME, 
and 3.6% of protein; Silversides and Bedford, 1999) and swine diets (DM up to 3%, Gdala et al., 
1997a; Baucells et al., 2000; Min et al., 2002; N up to 8%, Baucells et al., 2000; Min et al., 2002, 
GE up to 2.5%; Gdala et al., 1997a, and oligosaccharides  RFO, from 6% up to 40% to specific 
sugars in diets with higher concentrations of RFOs in growing pigs, Gdala et al., 1997ab; 
Smiricky et al., 2002), or at minimum, numerical increase, but not statiscally significant, 
suggesting that those diets can be improved in their digestibilities by enzyme supplementation. 
While results of experiments for some enzymes have not been consistent, Charlton 
(1996) suggests that the inconsistency may be the consequence of some diets formulated to 
exceed animal nutrient requirements. However, there are areas that have not been extensively 
examined and where improvements in digestibility of nutrients would be useful. Nutrition of gilts 
and sows may be improved by the supplementation of enzymes improving digestibility of 
nutrients. Greater energy or N available to the animals specifically during lactation would be 
especially useful given that nutrient intake generally is less than nutrient output which results in 
considerable body weight loss. 
The objectives of this experiment were to determine the extent of ileal and total tract 
digestion of the nutrients in CSBM gestation-lactation diets and to determine the effects of 
supplemental enzymes from two commercial products added to the diets. Of specific interest 
   
  63
were potential effects on ileal and total tract digestibility of specific nutrients, such as N, GE, 
ADF, NDF, and fructose, glucose+galactose, sucrose, raffinose, stachyose, and verbascose in 
swine during gestation and lactation. 
 
Material and methods 
Animals 
Twelve 1 year-old Yorkshire/Landrace female swine (mean wt = 181.8 ± 18.1 kg, 11 
sows that had successfully completed one parity and one gilt) provided from the UK Coldstream 
Swine Research Farm were fitted with a stainless steel T-cannula in the terminal ileum according 
to Stein et al. (1998). After surgical recovery, and a baseline collection of ileal digesta and fecal 
matter were obtained, all animals were estrus-synchronized with oral progestagen altrenogest 
(Regu-Mate®, Hoescht Roussel Vet., Amsterdam, Netherlands) added to the diet for 18 d. When 
standing estrus was observed following removal of the compound, the animals were artificially 
inseminated to a Duroc boar. Pregnancy was evaluated by ultrasound on d 39 ± 3 of gestation. 
Pregnant sows (n = 9) and nonpregnant females (n = 3) were randomly assigned to dietary 
treatments at wk 6 of gestation and fed the basal CSBM diet to which experimental enzymes 
were added. 
Treatment diets 
The enzyme products contained cellulase, protease, and side α-galactosidase activities 
(Allzyme VegPro, Alltech, Inc., Nicholasville, KY; dried fermentation extracts of Aspergillus 
niger, Trichoderma viride, and Aspergillus orizae formulated to contain a minimum of 7.71 
million HUT/g of protease activity and 75000 CMC units/g of cellulase activity) or xylanase 
activity (Fibrozyme, Alltech, Inc., Nicholasville, KY; dried fermentation extracts of Aspergillus 
niger and Trichoderma viride formulated to contain a minimum of 100 XU units of xylanase 
activity/g). One HUT (Hemoglobin Unit on a Tyrosine Basis) unit of proteolytic (protease) 
activity is defined as that amount of enzyme that produces, in one minute under the specified 
conditions, a hydrolysate whose absorbance at 275 nm is the same as that of a solution 
containing 1.10 µg/ml of tyrosine in 0.006 N hydrochloric acid. One CMC unit of cellulolytic 
activity was defined as the amount of enzyme that released 1µmol of reducing sugar (glucose 
equivalent) per minute. One xylanase unit (XU) is defined as the amount of enzyme required to 
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release 1 µmol xylose/minute at the assay temperature. The enzyme product was reported as 
having side activities (i.e., unspecified amounts) of α-galactosidase, xylanase and amylase. 
Enzyme products were added to the basal diet at 0.1% and replaced by the product carrier 
(calcium sulfate) at the same proportion for the control diet. Formulated experimental diets are 
presented in Table 5.1 and the analyzed chemical composition of diets is in Table 5.2.  
 
Table 5.1. Treatment diets for all collection periods. 
 Diet for Dietary treatmenta 
Ingredients Baseline b Control Enz 1 Enz 2 
Corn 73.10 73.00 73.00 73.00 
Dehulled soybean meal (48% CP) 20.00 20.00 20.00 20.00 
Starch 1.00 1.00 1.00 1.00 
Enzyme carrier (calcium sulfate) - 0.10 - - 
Allzyme VegPro® c - - 0.10 - 
Fibrozyme® d - - - 0.10 
Choice white grease 2.00 2.00 2.00 2.00 
Dicalcium phosphate 1.50 1.50 1.50 1.50 
Limestone 0.90 0.90 0.90 0.90 
Salt, iodized 0.50 0.50 0.50 0.50 
Choline mix, 50% e 0.10 0.10 0.10 0.10 
Vitamin mix f 0.10 0.10 0.10 0.10 
Trace-mineral mix g 0.05 0.05 0.05 0.05 
Dynamate® h 0.50 0.50 0.50 0.50 
Chromic oxide  0.25 0.25 0.25   0.25
                                           Total 100.00 100.00 100.00 100.00 
a Diets were formulated to contain 15.93% crude protein, 0.81% lysine, 0.73% calcium, 0.61% total phosphorus, 
3368 kcal/kg ME, and 4.82% ether extract content. 
b Diet used for pre-experimental baseline collection. 
c Dried fermentation extracts of Aspergillus niger, Trichoderma viride, and Aspergillus orizae formulated to contain 
a minimum of 7.71 million HUT/g of protease activity and 75000 CMC units/g of cellulase activity, Alltech, Inc., 
Nicholasville, KY. 
d Dried fermentation extracts of Aspergillus niger and Trichoderma viride formulated to contain a minimum of 100 
units of Xylanase activity/g, Alltech, Inc., Nicholasville, KY. 
e Choline mix supplied, per kg of diet: 434 mg choline.   
f Vitamin mix supplied, per kg of diet: 6,600 IU vitamin A, 880 IU vitamin D3, 44 IU vitamin E, 4.8 mg vitamin K, 
6.6 mg riboflavin, 16.5 mg pantothenic acid, 33 mg niacin, 0.99 mg folic acid, 0.165 mg d-biotin, 24.5 µg vitamin 
B12, and 3.3 mg vitamin B6. 
g Mineral mix supplied, per kg diet: 90 mg Fe (iron sulfate monohydrate), 90 mg Zn (zinc oxide), 30 mg Mn 
(manganous oxide), 8.75 mg Cu (copper sulfate pentahydrate), 1.0 mg I (calcium iodate), 0.2 mg Se (selenium 
mix), and 0.15 mg Co (cobalt sulfate monohydrate). 
h Dynamate® supplied, per kg diet: 0.11% sulfate, 0.09% potassium and 0.055% magnesium. 
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Pregnant and nonpregnant females were fed 1.9 kg daily throughout gestation, including 
between and during the collection periods where they were offered the dietary treatments. When 
lactation started, sows were offered 3.2 kg of feed in the first 3 d, until they have consumed all in 
one d. The feed allowance was increased by 0.9 kg every 3 d, until they reached a consumption 
of at least 6.4 kg of feed daily. The allotment of dietary treatments to the animals is presented in 
Table 5.3. Otherwise, the females were fed the control diet. During collection periods chromic 
oxide (Cr2O3) was added to the experimental diets at 0.25% for determination of apparent 
digestibilities. 
 
Table 5.2. Analyzed chemical composition of treatment diets for baseline collection and 
Experiment 1. 
 Baseline Diets 
Ingredient Collection Early gestation Late Gestation Lactation 
DM, % 89.80 89.66 90.20 90.88 
 -------------------------------DM basis---------------------------------- 
CP, % a 16.08 15.42 15.63 15.42 
ADF, % 6.43 5.10 5.46 5.19 
NDF, % 12.30 12.46 12.58 12.49 
GE, cal/g 4350 4294 4291 4313 
Fructose, %  0.24 0.36 0.47 0.20 
Gluc + Gal, % b 0.24 0.23 0.44 0.40 
Sucrose, % 7.40 5.68 6.05 5.20 
Raffinose, % 0.17 0.19 0.14 0.12 
Stachyose, % 1.30 1.19 1.64 1.80 
Verbascose, % - - Traces Traces 
Raff + Stach, % c 1.48 1.38 1.78 1.92 
Total sugars, % d 9.54 7.65 8.74 7.71 
a % N x 6.25. 
b Glucose + galactose. 
c  Raffinose + stachyose. 
d  Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
 
Collections 
Collection periods were scheduled for wk 6 and 7 of gestation, corresponding to early 
gestation; wk 12 and 13 of gestation, corresponding to late gestation; and wk 2 and 3 of lactation. 
Sows were fed the experimental diets for the entire 7 d during the collection periods. Fecal 
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sample (grab) collection was performed during d 4 through 7 (as long as needed to obtain 
enough material for analysis). Ileal digesta collections were performed for two periods of 12 
hours continuously on d 6 and 7, maintained in an ice cooler and transferred to a freezer at 20°C 
within 2 h of collection. In the subsequent week samples were thawed, composited and refrozen 
for freeze drying and later analysis. Diets were then changed and another collection period took 
place. 
Laboratory analysis 
Samples of feeds, freeze dried ileal digesta and oven dried fecal matter were ground in a 
coffee grinder to a fine texture. Samples were analyzed for DM using an adaptation of the 
method from the AOAC (1995), where DM was determined after drying the samples overnight 
in an oven at 105°C, and moisture content calculated by difference. Nitrogen content was 
determined using Dumas methodology in a LECO FP-2000 Automated Analyzer (LECO 
Corporation, Saint Joseph, MI, www.leco.com). Determination of GE was performed by 
measurement of heat of combustion in the samples using a Model 1261 Parr Technology (Parr 
Instrument Company, Moline, IL, www.parrinst.com) oxygen bomb calorimeter (adaptation of 
methods from the AOAC, 1995). Chromium content in the samples (from Cr2O3) was analyzed 
through a modification of the procedure established by Williams et al. (1962). Acid detergent 
fiber and neutral detergent fiber were based on modified assays from Van Soest (1963 and 1967, 
respectively). A new protocol was validated for the determination of mono-, di- and 
oligosaccharides (RFO) in complex samples. The protocol was designed based on methodologies 
of Molnár-Perl and Pintér-Szakács (1984) and Bach Knudsen and Li (1991). Methodologies are 
described in Appendices 1 through 6. 
Performance data 
Data related to the reproductive performance of the sows were collected and (or) 
calculated throughout gestation and lactation. Sows were weighed weekly throughout gestation 
and lactation, and data recorded for determination of pregnancy weight gain, lactation body 
weight losses and weights for every period of collection. Piglets were individually weighed every 
week until weaning and data recorded as initial litter weight and final litter weight for 
calculations of litter weight gain during lactation, and average weaning weight. 
   
  67
Experimental design and statistical analysis 
Females determined to be nonpregnant after breeding were arranged in an incomplete 
Latin square, where rows were dietary treatments (Control  CSBM diet; Enz 1 - control plus 
0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% Fibrozyme®) and columns were collection 
periods (1 to 4, corresponding to the four periods of gestational measurements on bred sows). 
Gestating and lactating sows were assigned to dietary treatments according to a completely 
randomized crossover design. Allotment to dietary treatments for nonpregnant females and 
pregnant and lactating sows is presented in Table 5.3.  
 
Table 5.3. Allotment of sows to dietary treatments a. 
Animal number Early Gestation  Late Gestation  Lactation 
 wk 6 wk 7 wk 12 wk 13 wk 2 wk 3 
1 F V C F C F 
2 V C F V C F 
3 F V C F F V 
4 C F V C F V 
5 V F C V V C 
6b C F - - - - 
7 C V F V V F 
8 V C F V V C 
9 c - - V C - - 
10d C V F C - - 
11d V F C V - - 
12d F C V F - - 
a Treatments: Control (C ), Enz 1 (V), and Enz 2 (F). 
b Sow rejected cannula at late gestation period, more information in Appendix 8. 
c Sow was artificially inseminated 21 d later than the rest of the group. For the late gestation period the sow was in 
wk 9 and 10 of gestation. This sow was not utilized for lactation period. 
d Nonpregnant animal. 
 
Data were analyzed by analysis of variance using the General Linear Model procedure of 
SAS (2000). When all observations from a response variable were similar, no statistics were 
computed and data were presented without error term or p-value. The model for analysis of 
dietary treatment effects on ileal and total tract digestibilities included effects of period, 
collection within period (period and (or) collection were not part of the model for lactation data 
analysis), diet, and interaction between diet and period as main effects. Data response at the 
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boundary of 100% was analyzed by logistic regression (Allison, 1999) using the Logit Ordinal 
Multinomial Model of SAS (2000). Logistic regression applies maximum likelihood estimation 
after transforming the dependent variable into a logit variable (the natural log of the odds of the 
dependent occurring or not).  
Single degree of freedom contrasts were performed to evaluate diet comparisons: control 
vs Enz 1, control vs Enz 2. Orthogonal contrasts were performed to observe period comparisons: 
gestation vs lactation period, and early gestation vs late gestation. Because of unequal number of 
observations, the error term reported in all tables is Root Mean Square Error (RMSE). The 
RMSE can be converted to a more used error term, Standard Error of the Mean (SEM), by 
dividing its value by the root square of the number of replications/observations associated to 
each specific mean. Based on the tests on power calculations in Chapter 4, an alpha level of 0.10 
was used to allow an 80% probability of detecting a response if it existed with a P < 0.15, then 
indication of tendency for a response. 
 
Table 5.4. Statistics for apparent digestibilities observed during baseline collections. 
 Ileal digestibilities %  Total tract digestibilities % 
Item Mean SEM  Mean SEM 
   n 11  11  
DM 82.7 0.50 87.4 0.86 
N 82.7 0.71 86.2 0.95 
GE 85.4 0.51 89.0 0.73 
ADF 74.7 1.59 80.5 3.64 
NDF 66.6 1.66 71.7 1.85 
Fructose 67.8 10.78 100.0 - 
Gluc. + Gala -417.8 105.73 100.0 0.01 
Sucrose 99.7 0.09 100.0 0.003 
Raffinose -10.1 28.92 99.9 0.03 
Stachyose 100.0 0.004 100.0 0.003 
Raff + Stachb 87.1 3.39 100.0 0.005 
Total sugarsc 83.5 3.17 100.0 0.002 
a Glucose + galactose. 
b Raffinose + stachyose. 
c Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
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Pre-experimental procedures 
Before the females were bred, they were fed a common CSBM diet and ileal and fecal 
sample collections were performed. These data permitted creating baseline information on ileal 
and fecal digestibility and to evaluate existing variation between animals. Data from the baseline 
collection was analyzed using the Univariate procedure of SAS (2000). Average digestibility for 
ileal and fecal data obtained are presented in Table 5.4. Results are reported in DM basis. 
Verbascose was detected in trace amounts or not detected at all in the analyzed samples. 
Therefore, it is not reported for any of the means of digestibility coefficients in this section. 
 
Results and discussion 
From the twelve females artificially inseminated, nine had confirmed pregnancy by 
ultrasound at 42 d after artificial insemination. The remaining two sows and one gilt were used in 
a parallel experiment for comparisons between nonpregnant and pregnant females during 
different physiological phases in the gestating sows. Average weight and number of pregnant 
sows per treatment and collection period are given in Table 5.5, and non-pregnant sows and gilt 
in Table 5.6. 
 
Table 5.5. Number of animals, average weight by treatment and period for pregnant sows. 
               Perioda: Early Gestation      Late Gestation  Lactation 
Dietb Wt, kg Stdevc n  Wt, kg Stdevc n  Wt, kg Stdevc n 
Control 195.4 21.4 5 203.8 17.9 6 197.0 15.1 4 
Enz 1 198.3 13.9 6 211.0 22.2 5 196.8 7.2 5 
Enz 2 195.2 16.2 5 209.8 16.7 5 194.6 15.1 5 
a Early gestation - wk 6 and 7 postbreeding; late gestation - wk 12 and 13 postbreeding; lactation - wk 2 and 3. 
b Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% 
Fibrozyme®. 
c Standard deviation, kg. 
 
Sows gained an average of 31.9 ± 7.74 kg during pregnancy. The average number of 
piglets born alive per sow was 12.6 ± 3.4. During lactation the number of pigs per sow was 
standardized to 10 to produce a similar impact on milk production. Average litter gain during 
lactation was 46.2 ± 6.7 kg in an average lactation period of 20.1 ± 2.6 d. This performance was 
   
  70
very good, indicating a lack of adverse effect of the cannulation and the probable applicability of 
the digestibility results.  
 
Table 5.6. Number of animals, average weight by treatment for non-pregnant sows and gilt. 
Dieta Wt, kg Stdevb N 
Control 183.0 12.0 4 
Enz 1 189.5 17.5 4 
Enz 2 181.8 11.3 4 
a Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% 
Fibrozyme®. 
b Standard deviation, kg. 
 
Verbascose was detected in trace amounts or not detected at all in the analyzed samples. 
Therefore, it is not reported for any of the means of digestibility coefficients in this section. No 
effects (P > 0.10) of dietary treatments were observed on ileal or total tract digestibilities for 
nonpregnant females throughout the four periods of collection. It was assumed that during feed 
restriction the animals digested and metabolized nutrients with higher efficiency due to the fact 
digesta remained in the small intestine and large intestine for longer periods because of the 
reduced rate of passage in the GI tract compared to ad libitum feeding. Data comparisons 
between pregnant and nonpregnant females did not show statistical differences for any of the 
variables tested. Data for apparent ileal and total tract nutrient digestibilities for nonpregnant 
females are presented in Table 5.7 and pregnant sows in Tables 5.8 and 5.9. 
When the model was applied to all data for pregnant females (three different 
physiological stages of early gestation, late gestation, and lactation), comparisons produced 
significant interactions between period and dietary treatment for ileal digestibilities of DM, N,  
and GE (P < 0.10). Results referring to the model for this evaluation are presented in Appendix 
9. Because of the interactions observed between period and diet, it was decided that the data 
should be analyzed as the two physiological states separately (gestation periods, and lactation). 
There was a consistent reduction of DM, N, GE, ADF and NDF ileal digestibilities of 
control diet from early and late gestation to lactation periods. Analyzing the data separately for 
the gestation periods, no significant differences were observed for the diets evaluated. Average 
means are presented in Tables 5.8 and 5.9 for ileal and total tract digestibilities, respectively. 
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Period differences were observed (P < 0.05) for GE, ADF and NDF, explained by the reduction 
in ileal digestibilities in the late gestation period due to the increased reproductive tract plus 
fetuses in the abdomen as it was pointed out by Calvert et al. (1985). Nuzback et al. (1984) 
obtained higher digestibilities for DM, energy, ADF, and NDF between first and third trimester 
of pregnancy (69.4 vs 74.8%; 66.9 vs 74.3%; 31.2  vs 48.6%; 43.4 vs 59.1%; respectively; P < 
0.05) in second parity crossbred sows fed a dried alfalfa, sorghum, and SBM based diet 
contrasting with the results obtained in the present study. 
 
Table 5.7. LS Means for nutrient ileal and total tract digestibilities (%) for nonpregnant females a. 
 Ileal digestibilities, %  Total tract digestibilities, %  
Item     Dietb: Control Enz 1 Enz 2 RMSE c Control Enz 1 Enz 2 RMSE c
     n 4 4 4  4 4 4  
DM 80.4 80.6 78.9 0.65 89.4 89.4 88.7 1.00 
N 78.3 79.1 78.2 0.83 88.4 88.5 88.2 1.10 
GE 83.6 84.0 82.4 1.37 90.8 90.4 90.6 1.02 
ADF 61.7 60.6 54.4 2.55 76.8 69.6 77.4 5.91 
NDF 59.4 59.5 57.8 3.38 74.2 72.3 72.1 3.46 
Fructose 94.4 60.7 75.9 24.51 100.0 100.0 100.0 - 
Gluc + Gald -48.35 -227.7 -502.6 206.58 100.0 100.0 100.0 - 
Sucrose 99.9 99.5 99.7 0.42 100.0 100.0 100.0 - 
Raffinose 46.5 50.4 -65.2 127.93 100.0 100.0 100.0 - 
Stachyose 100.0 100.0 100.0 - 100.0 100.0 100.0 - 
Raff + Stache 94.8 95.4 83.2 10.44 100.0 100.0 100.0 - 
Total sugarsf  92.9 85.7 72.3 12.67 100.0 100.0 100.0 - 
a Means of 4 collection periods, corresponding to early and late gestation collection periods for the pregnant 
females; no period or diet effects observed (P > 0.10). 
b Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% 
Fibrozyme®. 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed 
and data were presented without error term or p-value. 
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
 
In contrast with results obtained in gestation (Table 5.8), lactation data analysis (Table 
5.10) revealed different ileal digestibilities of DM, N, and GE (P < 0.06) for the supplemented 
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diet containing Enz 2. For example, DM ileal digestibility had no detected differences in 
gestation with values of about 80%. For lactation, there was a reduction in DM digestibility at 
the terminal ileum for the control diet (77.3%), which was increased by supplementation of Enz 
2 (81.7%; P < 0.01) and had a tendency to increase with Enz 1 supplementation (79.3%; P < 
0.11). Specifically, Enz 1 supplementation produced a higher ileal digestibility for GE (81.5 vs 
79.5, P < 0.09) with a tendency to increased DM and higher numerical NDF ileal digestibilities 
(79.3 vs 77.3, P < 0.11; 46.1 vs 39.6, P < 0.16, respectively) in comparison with the control diet. 
Increased ileal digestibilities were observed with Enz 2 diet for DM, N and GE (81.7 vs 77.3; 
84.3 vs 81.2; 83.8 vs 79.5; P < 0.02, respectively) and a tendency to increased NDF ileal 
digestibility (47.1 vs 39.6; P < 0.11) when the enzyme supplemented diet was compared to the 
control diet. In the present study, lactation total tract digestibilities of DM, N, and GE were 
increased by Enz 2 (90.8 vs 89.8; 90.6 vs 89.0; 91.9 vs 90.7; P < 0.05). In addition, Enz 1 
increased DM and N total tract digestibilities (90.7 vs 89.8, P < 0.06; 90.1 vs 89.0, P < 0.10). 
Due to the high variability between individuals, values for sugars resulted in large 
RMSE. As stated in Chapter 2, the hydrolysis of RFOs occurs in the reverse order as their 
synthesis. The first molecule to be hydrolyzed and consumed in presence of α-galactosidase is 
verbascose, followed by stachyose and raffinose, respectively, yielding sucrose after total 
hydrolysis of galactose molecules from the RFO compounds. Sucrose at this point will be 
hydrolyzed by sucrase yielding one molecule of glucose and one of fructose for each sucrose 
molecule. In the data presented in this experiment it can be observed that stachyose ileal 
digestibilities were approaching 99% or higher values, confirming that stachyose was broken 
down primarily and, consequently a smaller ileal digestibility of raffinose. As a dynamic 
metabolism, it has to be considered that raffinose is also broken down at the same time as 
stachyose, depending on substrate concentration and presence of enzymes (exogenous or from 
the microbial population present in the gut) in the terminal ileum. Sucrose ileal digestibilities 
confirm the disaccharide was nearly consumed before the terminal ileum. The remaining sugars 
evaluated in this study (glucose + galactose and fructose) were present in very small amounts in 
the diets and were expected to be completely digested by the terminal ileum. Conversely, 
negative ileal digestibilities for glucose + galactose were obtained for all periods tested. The 
negative ileal digestibility results for glucose + galactose are probably the result of the digestion 
of starch (mainly from the corn present in the experimental diet) yielding free glucose which 
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exceeded the naturally low glucose (detected as glucose + galactose) level in the diet itself that 
was fed (Table 5.2). Whenever a higher order carbohydrate (in this case the oligosaccharides) 
must proceed through a lower order carbohydrate for digestion and the higher order carbohydrate 
is in higher concentration in the diet, it would be natural to perceive a negative digestibility of 
the lower order carbohydrate at various locations or times in the GI tract. Additionally, low 
fructose ileal digestibilities observed are the result of sucrose breaking down to fructose and 
glucose, which also adds up to the glucose + galactose negative values for ileal digestibility 
results. Glucose (glucose + galactose) concentrations, in especial, were extremely variable in all 
periods tested. 
Smiricky et al. (2002) observed high ileal digestibility of RFO in growing pigs with 
cornstarch-SBM diets and suggested they were digested by bacteria colonization in the distal 
ileum. The high values obtained for ileal digestibilities of RFOs in this study agrees with 
Smiricky et al. (2002) observations in relation to soybean oligosaccharides digestibility at the 
distal ileum. Other authors have suggested the relatively high digestibility of raffinose family 
oligosaccharides in the small intestine could be caused by endogenous plant and microbial α-
galactosidases (Gdala et al., 1997a) present in the GI tract. 
Min et al. (2002) observed improvements in ileal digestibilities for DM and N for 
finishing pigs fed a CSBM diet supplemented with a mixture of enzymes (α-galactosidase, β-
mannanase and phytase) when compared with a control without enzymes. The analyzed data 
from the present experiment resulted in similar observations using a multiple enzyme product 
(Enz 1).  
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Table 5.8. LSMeans for apparent ileal digestibilities (%) during gestation. 
             Perioda Early Gestation  Late Gestation  Combined P- valuesg 
Item        Dietb: Control Enz 1 Enz 2 Control Enz 1 Enz 2 Control Enz 1 Enz 2 RMSEc Period (F) Coll(F) Diet Diet X F Enz 1 Enz 2 
    n 5 6 5 6 5 5 11 11 10        
DM 80.8 79.2 80.1 80.4 79.6 79.7 80.6 79.4 79.9 1.82 0.84 0.44 0.33 0.83 0.14 0.41 
N 81.2 78.7 79.5 81.1 80.1 79.1 81.2 79.4 79.3 2.36 0.71 0.67 0.14 0.64 0.09 0.09 
GE 84.6 82.9 83.9 82.3 81.8 81.5 83.5 82.4 82.7 1.76 0.004 0.40 0.33 0.64 0.15 0.34 
ADF 60.5 60.1 62.4 52.8 50.1 48.0 56.6 55.1 55.2 8.77 0.002 0.13 0.90 0.69 0.68 0.72 
NDF 59.1 57.4 61.0 54.4 51.8 55.9 56.8 54.6 58.4 6.49 0.03 0.82 0.40 0.99 0.43 0.57 
Fructose 71.0 74.2 65.8 81.9 75.9 92.9 76.4 75.1 79.4 17.68 0.04 0.04 0.85 0.26 0.85 0.71 
Gluc + Gald -444.5 -378.8 -532.2 -111.5 -211.9 -23.7 -278.0 -295.3 -277.9 229.35 0.001 0.11 0.98 0.24 0.86 1.00 
Sucrose 99.9 99.7 99.7 99.9 99.6 99.6 99.9 99.6 99.8 - 0.14 0.01 0.01 0.14 0.01 0.01 
Raffinose 52.5 10.8 -10.7 66.5 11.7 75.2 59.5 11.2 32.3 74.92 0.21 0.11 0.32 0.39 0.14 0.42 
Stachyose 99.9 99.9 99.8 99.9 99.9 100.0 99.9 99.9 99.9 - 0.35 0.02 0.09 0.08 0.07 0.39 
Raff + Stache 93.3 87.5 84.3 97.5 93.2 98.1 95.4 90.3 91.2 9.11 0.02 0.08 0.40 0.45 0.20 0.31 
Total Sugarsf 80.9 81.8 76.2 87.7 81.2 92.9 84.3 81.5 84.6 10.16 0.04 0.14 0.74 0.16 0.52 0.95 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; combined  overall gestational mean. 
b Treatment diets: Control  CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% Fibrozyme®. 
c Root Mean Square Error.  
d Galactose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose and stachyose, which were analyzed with Logit Ordinal Multinomial Model from SAS; 
Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the control diet. 
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Table 5.9. LSMeans for total tract digestibilities (%) during gestation. 
Perioda Early Gestation  Late Gestation  Combined P- valuesg 
Item        Dietb: Control Enz 1 Enz 2 Control Enz 1 Enz 2 Control Enz 1 Enz 2 RMSEc Period (F) Coll(F) Diet Diet X F Enz 1 Enz 2 
    n 5 6 5 6 5 5 11 11 10        
DM 89.3 89.4 89.2 89.3 89.1 89.7 89.3 89.3 89.4 0.91 0.76 0.86 0.92 0.64 0.90 0.78 
N 87.4 88.0 87.5 88.0 87.7 87.7 87.7 87.9 87.6 1.46 0.69 0.30 0.92 0.76 0.80 0.87 
GE 91.2 91.3 91.2 90.9 90.8 91.1 91.1 91.0 91.1 0.76 0.23 0.78 0.94 0.85 0.86 0.86 
ADF 80.6 77.5 81.3 75.3 77.0 74.7 77.9 77.2 78.0 11.23 0.30 0.84 0.98 0.80 0.88 0.99 
NDF 75.5 77.2 76.8 76.2 76.4 76.9 75.9 76.8 76.8 3.73 0.99 0.40 0.81 0.90 0.56 0.58 
Fructose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Gluc + Gald 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Raffinose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Raff + Stache 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Total Sugarsf 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; combined  overall gestational mean. 
b Treatment diets: Control  CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% Fibrozyme®. 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value. 
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS; Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the control diet.  
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Table 5.10. LSMeans for apparent ileal digestibilities (%) during lactation. 
 Dieta P- valuesf 
Item         Control Enz 1 Enz 2 RMSEb Diet Enz 1 Enz 2 
   N 4 5 5     
DM 77.3 79.3 81.7 1.75 0.01 0.11 0.01 
N 81.2 82.5 84.3 1.72 0.06 0.28 0.02 
GE 79.5 81.5 83.8 1.64 0.008 0.09 0.01 
ADF 37.3 38.0 40.9 10.20 0.85 0.92 0.61 
NDF 39.6 46.1 47.1 6.46 0.23 0.16 0.11 
Fructose 92.5 90.3 96.2 8.32 0.54 0.70 0.52 
Gluc + Galc -488.4 -382.5 -17.7 240.29 0.03 0.53 0.01 
Sucrose 99.8 99.8 99.9 - 0.53 0.58 0.34 
Raffinose 91.4 84.4 62.6 35.21 0.45 0.77 0.25 
Stachyose 100.0 100.0 100.0 - - - - 
Raff + Stachd 99.5 99.0 97.6 2.21 0.45 0.77 0.25 
Total Sugarse 68.9 74.2 93.1 12.88 0.04 0.55 0.02 
a Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% 
Fibrozyme®. 
b Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed 
and data were presented without error term or p-value. 
c Glucose + galactose. 
d Raffinose + stachyose. 
e  Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
f Data were analyzed with GLM procedure from SAS, except sucrose, which was analyzed with Logit Ordinal 
Multinomial Model from SAS; Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the 
control diet. 
 
Mathlouthi et al. (1995) observed in broilers chickens an increase in CP, crude fat and 
apparent ME digestibilities coefficients in rye-based diet supplemented with an enzyme mixture 
(containing xylanase and β-glucanase) compared to a unsupplemented rye-based diet and a 
CSBM diet (85.3, 76.2, and 85.6%; 44.3, 25.1, and 62.8%; 12.1, 10.4, and 12.5 MJ/kg DM; P < 
0.01). Those results agree with results obtained in this experiment for diet supplementation with 
xylanase (Enz 2). Results obtained for ileal DM digestibility with the xylanase enzyme product 
were also similar to Mavromichalis et al. (2000), who used a similar xylanase product 
supplemented to wheat based diets, showing a tendency for greater DM apparent digestibility 
(86.7 vs 83.7%, P < 0.10) in finishing pigs (67-93 kg BW).  
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Under the conditions of this experiment, it can be concluded that supplementation of the 
tested enzyme products during gestation was not beneficial. However, positive effects of enzyme 
supplementation during lactation were observed for Enz 1 on ileal digestibilities of DM and GE, 
and DM, N, and ADF total tract digestibility and for Enz 2 on DM, N, and GE on ileal and total 
tract digestibilities. 
 
5.11. LSMeans for total tract digestibilities (%) during lactation. 
 Dieta P- valuesf 
Item         Control Enz 1 Enz 2 RMSEb Diet Enz 1 Enz 2 
   n 4 5 5     
DM 89.8 90.7 90.8 0.62 0.08 0.05 0.05 
N 89.0 90.1 90.6 0.85 0.06 0.10 0.02 
GE 90.7 91.5 91.9 0.82 0.14 0.17 0.06 
ADF 75.0 66.7 77.0 10.53 0.30 0.27 0.77 
NDF 71.1 75.1 74.0 3.90 0.33 0.15 0.28 
Fructose 100.0 100.0 100.0 - - - - 
Gluc + Galc 100.0 100.0 100.0 - - - - 
Sucrose 100.0 100.0 100.0 - - - - 
Raffinose 100.0 100.0 100.0 - - - - 
Stachyose 100.0 100.0 100.0 - - - - 
Raff + Stachd 100.0 100.0 100.0 - - - - 
Total Sugarse 100.0 100.0 100.0 - - - - 
a Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro®; Enz 2 - control plus 0.1% 
Fibrozyme®. 
b Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed 
and data were presented without error term or p-value. 
c Glucose + galactose. 
d Raffinose + stachyose. 
e Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
f Data were analyzed with GLM procedure from SAS; Enz 1 and Enz 2 p-values referred to single degree of freedom 
contrasts against the control diet. 
 
Implications 
No observed effects of the enzyme products supplemented were detected for the gestation 
periods evaluated. This may be explained by the practice of restriction of feed, pushing the 
animals to the limit in utilization of nutrient resources available. Supplementation of the enzyme 
products tested in this study was efficient in increasing ileal digestibilities coefficients of DM, N 
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and GE during lactation, producing in addition a tendency to greater NDF ileal digestibility. 
Consequently, total tract digestibilities of DM, N, and GE showed the same numeric pattern 
produced in the ileal digestibilities. Effects on ileal digestibilities of sugars were not detected or 
disregarded because of high variation observed between sows. More studies are necessary to 
obtain a reliable and repeatable methodology for evaluation of sugars (mono-, di-, 
oligosaccharides) ileal digestibilities in sows, where control over the microbial population of the 
terminal ileum may be achieved, reducing the effects of fermentation on digestibility results. 
This improvement should increase total nutrient yield to the sow which may impact sow body 
condition and/or milk yield. 
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Chapter 6 
 
EXOGENOUS PURE ENZYMES EFFECTS ON THE DIGESTIBILITY OF 
GESTATION-LACTATION SWINE DIETS 
 
Summary 
Two pure microbial enzymes, α-galactosidase (formulated to contain 600 units/g of α-
galactosidase activity, Alltech, Inc., Nicholasville, KY) and protease (formulated to contain a 
minimum of 7.71 million HUT/g of protease activity; Alltech, Inc., Nicholasville, KY), were 
supplemented to gestation and lactation diets to evaluate their effects on ileal and total tract 
nutrient digestibilities in crossbred females (n = 11; BW = 205.1 ± 15.8 kg) fitted with ileal T-
cannulae. Enzymes were added to a fortified CSBM control diet (0.81% lysine, 0.73% Ca, and 
0.61% P) and fed during three collection periods. Dietary treatments were constructed according 
to a 2 x 2 factorial arrangement, with two enzymes at two levels of supplementation, as follows: 
α-galactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-
galactosidase 0% + Protease 0.1% (P), and α-galactosidase 0.1% + Protease 0.1% (AP). Ileal and 
fecal samples were collected at wk 6 and wk 12-13 of gestation and wk 2-3 of lactation. Females 
were randomly allotted to a diet in each week of the collection period. Fecal sample collection 
took place between d 4-7, ileal samples were collected for a period of 12 h on d 6 and d 7. Diets 
were then changed and another collection was made for late gestation and lactation. Apparent 
digestibility of DM, N, GE, ADF, and NDF was determined using Cr2O3. No interactions were 
observed for any variables, at any period of the experimental collections. In lactation data, 
tendencies for higher DM, N, and GE (89.6 vs 88.4, 89.5 vs 87.8, 91.1 vs 89.9%; P < 0.15) total 
tract digestibilities were observed for the diet supplemented with α-galactosidase. Under the 
conditions of this experiment, supplementation of enzymes during gestation was not beneficial. 
However, tendencies of positive effects of enzyme supplementation during lactation were 
observed for α-galactosidase supplementation on DM, N, and GE total tract digestibilities. 
 
Introduction 
Specific enzymes (β-glucanase, xylanase, α-galactosidase and phytase) have been studied 
extensively in diets based on specific feedstuffs, such as barley, wheat, lupin based diets. Gdala 
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et al. (1997a) studied the effects of α-galactosidase on lupin seed meal diets for growing pigs and 
observed effects of enzyme supplementation on ileal digestibilities of DM, GE, and RFO (78.1 
vs 76.0, 80.4 vs 78.6, 91.8 vs 64.2; P < 0.05, respectively). In a subsequent study, Gdala et al. 
(1997b) evaluated the effects of individual microbial enzymes (α-galactosidase, xylanase, β-
glucanase, α-amylase, or protease) or an enzyme mixture (α-galactosidase, xylanase and 
protease) supplementation to cannulated growing pigs on digestibility of nutrients of diets based 
in barley-wheat and SBM or peas (CS), SBM and rapeseed cake (CPSR). They observed that 
xylanase supplementation of diet CS produced greater digestibility of xylose and the enzyme 
mixture supplementation of diet CPSR produced increased digestibility of xylose, arabinose and 
mannose and DM. Other enzymes tested did not result in changes in digestibility of nutrients. 
The effects of α-galactosidase on ileal digestibility was studied in piglets by Veldman et al. 
(1993) in diets with supplemental oligosaccharides from a extracted SBM product (velasse) 
introduced to increase the RFO content in the diet. The replacement of corn with velasse in the 
corn/soy protein concentrate diet reduced digestibilities of DM and N about 20%, but the authors 
did not observe positive effects of the α-galactosidase supplementation on the reduced 
digestibility resultant of the higher RFO content in the diet. Inconclusive results have been 
obtained from trials using pure enzymes. Some researchers reported increased ileal digestibilities 
of nutrients such as DM (up to 3%; Gdala et al., 1997a; Baucells et al., 2000; Min et al., 2002), N 
(up to 8%; Baucells et al., 2000; Min et al., 2002), GE (up to 2.5%; Gdala et al., 1997a), and 
oligosaccharides (RFO; from 6% up to 40% to specific sugars in diets with higher concentrations 
of RFOs in growing pigs; Gdala et al., 1997ab; Smiricky et al., 2002) with enzyme 
supplementation. However, others researchers observed no significant effects from enzyme 
supplementation (Veldman et al., 1993; Schang et al., 1997) but had numeric responses similar to 
those reported for DM (Gdala et al., 1997a; Smiricky et al., 2002), and N (Gdala et al., 1997a) by 
the previous authors results. 
The objectives of this experiment were to determine the extent of ileal and total tract 
digestion of the nutrients in CSBM gestation-lactation diets and to determine the effects of 
supplemental enzymes (α-galactosidase and protease) added alone or in combination to the diets. 
Of specific interest were potential effects on ileal and total tract digestibility of specific nutrients, 
such as N, GE, ADF, NDF, and fructose, glucose+galactose, sucrose, raffinose, stachyose, and 
verbascose in swine during gestation and lactation. 
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Material and methods 
Animals 
Fifteen Yorkshire/Landrace sows (average parity/sow = 2 ± 1; mean wt = 211.3 ± 13.4 
kg) were selected from the UK Coldstream Swine Research Farm herd to be surgically fitted 
with a T-shaped cannula at the distal ileum according to Stein et al. (1998). After surgical 
recovery all sows were estrus-synchronized with oral progestagen altrenogest (Regu-Mate®, 
Hoescht Roussel Vet., Amsterdam, Netherlands) added to the diet (0.48% inclusion) and fed 
during 18 d. When standing estrus was observed following removal of the compound, eleven 
sows, from the fifteen sows surgically cannulated, plus two sows cannulated from previous 
experiments (mean wt = 204.4 ± 15.2; average parity/sow = 1.70 ± 0.75) were artificially 
inseminated. Pregnancy was evaluated by ultrasound on d 39 ± 3 of gestation. Sows (n = 11) 
were randomly assigned to dietary treatments at wk 6 of gestation and fed the basal CSBM diet 
to which experimental enzymes were added. 
Treatment diets 
The pure enzyme preparations contained protease activity (formulated to contain a 
minimum of 7.71 million HUT/g of protease activity; Alltech, Inc., Nicholasville, KY) or α-
galactosidase activity (formulated to contain a minimum of 600 units/g of α-galactosidase 
activity, Alltech, Inc., Nicholasville, KY). One HUT (Hemoglobin Unit on a Tyrosine Basis) unit 
of proteolytic (protease) activity is defined as that amount of enzyme that produces, in 1 minute 
under the specified conditions, a hydrolysate whose absorbance at 275 nm is the same as that of a 
solution containing 1.10 µg/ml of tyrosine in 0.006 N hydrochloric acid. One unit of α-
galactosidase activity was defined as the amount of enzyme releasing 1 nmol of p-nitrophenyl 
(PNP) per minute under the specified assay conditions. Dietary treatments were constructed 
according to a 2 x 2 factorial arrangement, with two enzymes (α-galactosidase and protease) at 
two levels of supplementation (0 or 0.1%). Enzyme preparations were added to the basal diet at 
0.1% and replaced by the product carrier at the same proportion for the control diet. Formulated 
experimental diets are presented in Table 6.1 and the analyzed chemical composition of diets is 
in Table 6.2.  
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Table 6.1. Treatment diets for all collection periods a. 
 Dietary treatments 
Ingredients Control α-Galactosidase b Protease c α-Galac. + Prot. d
Corn 72.90 72.90 72.90 72.90 
Dehulled soybean meal (48%CP) 20.00 20.00 20.00 20.00 
Starch 1.00 1.00 1.00 1.00 
Enzyme carrier e 0.20 0.10 0.10 - 
α-galactosidaseb - 0.10 - 0.10 
Protease c - - 0.10 0.10 
Choice white grease 2.00 2.00 2.00 2.00 
Dicalcium phosphate 1.50 1.50 1.50 1.50 
Limestone 0.90 0.90 0.90 0.90 
Salt, iodized 0.50 0.50 0.50 0.50 
Choline mix, 50%f 0.10 0.10 0.10 0.10 
Vitamin mixg 0.10 0.10 0.10 0.10 
Trace-mineral mixh 0.05 0.05 0.05 0.05 
Dynamate®i 0.50 0.50 0.50 0.50 
Chromic oxide  0.25 0.25 0.25   0.25
                                           Total 100.00 100.00 100.00 100.00 
a Diets were formulated to contain 15.93% crude protein, 0.81% lysine, 0.73% calcium, 0.61% total phosphorus, 
3368 kcal/kg ME, and 4.82% ether extract content. 
b Dried fermentation extracts formulated to contain a minimum of 600 units/g of α-galactosidase activity, Alltech, 
Inc., Nicholasville, KY. 
c Dried fermentation extracts formulated to contain a minimum of 7,500 HUT/g of protease activity, Alltech, Inc., 
Nicholasville, KY. 
d Dried fermentation extracts formulated to contain a minimum of 600 units/g of α-galactosidase activity plus a 
minimum of 7,500 HUT/g of protease activity. 
e Calcium sulfate or AFS.   
f Choline mix supplied, per kg of diet: 434 mg choline.   
g Vitamin mix supplied, per kg of diet: 6,600 IU vitamin A, 880 IU vitamin D3, 44 IU vitamin E, 4.8 mg vitamin K, 
6.6 mg riboflavin, 16.5 mg pantothenic acid, 33 mg niacin, 0.99 mg folic acid, 0.165 mg d-biotin, 24.5 µg vitamin 
B12, and 3.3 mg vitamin B6. 
h Mineral mix supplied, per kg diet: 90 mg Fe (iron sulfate monohydrate), 90 mg Zn (zinc oxide), 30 mg Mn 
(manganous oxide), 8.75 mg Cu (copper sulfate pentahydrate), 1.0 mg I (calcium iodate), 0.2 mg Se (selenium 
mix), and 0.15 mg Co (cobalt sulfate monohydrate). 
i Dynamate® supplied, per kg diet: 0.11% sulfate, 0.09% potassium and 0.055% magnesium. 
 
Sows were fed 1.9 kg daily throughout gestation, including between and during the 
collection periods, where they were offered the dietary treatments. When lactation started, sows 
were offered 3.2 kg of feed in the first 3 d, until they have consumed all in one day. The feed 
allowance was increased by 0.9 kg every 3 d, until they reached a consumption of at least 6.4 kg 
of feed daily. The allotment of dietary treatments to the animals is presented in Table 6.3. 
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Otherwise, the females were fed the control diet. During collection periods chromic oxide 
(Cr2O3) was added to the experimental diets at 0.25% for determination of apparent 
digestibilities.  
 
Table 6.2. Analyzed chemical composition of diets. 
 Diets 
Ingredient Early gestation Late Gestation Lactation 
DM, % 89.32 89.03 89.00 
 -----------------------DM basis---------------------- 
CP, % a 16.84 16.60 16.28 
ADF, % 4.80 5.58 5.18 
NDF, % 10.93 11.57 14.60 
GE, cal/g 4468 4467 4426 
Fructose, %  0.14 0.17 0.17 
Gluc + Gal, % b 0.41 0.49 0.50 
Sucrose, % 6.76 6.64 5.64 
Raffinose, % 0.16 0.13 0.14 
Stachyose, % 1.89 1.86 1.94 
Verbascose, % Traces Traces Traces 
Raff + Stach, % c 2.05 1.99 2.08 
Total sugars, % d 9.36 9.29 8.39 
a % N x 6.25. 
b Glucose + galactose. 
c  Raffinose + stachyose. 
d  Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
 
Collections 
Collection periods were scheduled for wk 6 of gestation, corresponding to early 
gestation; wk 12 and 13 of gestation, corresponding to late gestation; and wk 2 and 3 of lactation. 
Sows were fed the experimental diets for the entire 7 d during the collection periods. Fecal 
sample (grab) collection was performed during d 4 through 7 (as long as needed to obtain 
enough material for analysis). Ileal digesta collections were performed for two periods of 12 
hours continuously on d 6 and 7, maintained in an ice cooler and transferred to a freezer at 20°C 
within two hours of collection. In the subsequent week samples were thawed, composited and 
refrozen for freeze drying and later analysis. Diets were then changed and another collection 
period took place for late gestation and lactation periods.  
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Laboratory analysis 
Samples of feeds, freeze dried ileal digesta and oven dried fecal matter were ground in a 
coffee grinder to a fine texture. Samples were analyzed for DM using an adaptation of the 
method from the AOAC (1995), where DM was determined after drying the samples overnight 
in an oven at 105°C, and moisture content calculated by difference. Nitrogen content was 
determined using Dumas methodology in a LECO FP-2000 Automated Analyzer (LECO 
Corporation, Saint Joseph, MI, www.leco.com). Determination of GE was performed by 
measurement of heat of combustion in the samples using a Model 1261 Parr Technology (Parr 
Instrument Company, Moline, IL, www.parrinst.com) oxygen bomb calorimeter (adaptation of 
methods from the AOAC, 1995). Chromium content in the samples (from Cr2O3) was analyzed 
through a modification of the procedure established by Williams et al. (1962). Acid detergent 
fiber and neutral detergent fiber were based on modified assays from Van Soest (1963 and 1967, 
respectively). A new protocol was validated for the determination of mono-, di- and 
oligosaccharides (RFO) in complex samples. The protocol was designed based on Molnár-Perl 
and Pintér-Szakács (1984) and Bach Knudsen and Li (1991). Methodologies are described in 
Appendices 1 through 6. 
Performance data 
Data related to the reproductive performance of the sows were collected and/or calculated 
throughout gestation and lactation. Sows were weighed weekly throughout gestation and 
lactation, and data recorded for determination of pregnancy weight gain, lactation body weight 
losses and weights for every period of collection. Piglets were individually weighed every week 
until weaning and data recorded as initial litter weight and final litter weight for calculations of 
litter weight gain during lactation, and average weaning weight. 
 
Experimental design and statistical analysis 
After pregnancy was confirmed, gestating sows were assigned to dietary treatments. For 
period of late gestation and lactation a crossover design was used to increase the number of 
observation per treatment. Allotment to dietary treatments for gestating and lactating sows is 
presented in Table 6.3.  
Data were analyzed by analysis of variance using the General Linear Model procedure of 
SAS (2000) according to the 2 (enzymes) X 2 (levels) factorial design. The model for analysis of 
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enzyme supplementation effects on ileal and total tract digestibilities during gestation and 
lactation included effects of period, collection within period (period and (or) collection were not 
part of the model for lactation data analysis), individual enzymes, individual enzyme x period, 
enzymes interaction. Orthogonal contrasts were performed to observe period comparisons: early 
gestation vs late gestation, and gestation vs lactation period.  
When all observations from a response variable were similar, no statistics were computed 
and data were presented without error term or p-value. Data response at the boundary of 100% 
was analyzed by logistic regression (Allison, 1999) using the Logit Ordinal Multinomial Model 
of SAS (2000). Logistic regression applies maximum likelihood estimation after transforming 
the dependent variable into a logit variable (the natural log of the odds of the dependent 
occurring or not).  
 
Table 6.3. Allotment of sows to dietary treatments a. 
Animal number Early Gestation  Late Gestation  Lactation 
 wk 6 wk 12 wk 13 wk 2 wk 3 
1 P A AP A C 
2 A C P AP P 
3 P C A C AP 
4 AP A C P A 
5 A AP P A AP 
6 A P AP C P 
7 A P C AP A 
8 AP AP A P C 
9 b C - - - - 
10b C - - - - 
11b AP - - - - 
a Dietary treatments: Alpha-galactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), 
α-galactosidase 0% + Protease 0.1% (P), and α-galactosidase 0.1% + Protease 0.1% (AP). 
b Positive pregnancy ultrasound at 42 d after breeding, not confirmed later in gestation. 
 
Because of unequal number of observations, the error term reported in all tables is Root 
Mean Square Error (RMSE). The RMSE can be converted to a more commonly used error term, 
Standard Error of the Mean (SEM), by dividing its value by the root square of the number of 
replications/observations associated to each specific mean. 
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Based on the tests on power calculations in Chapter 4 an alpha level of 0.10 was used to 
allow an 80% probability of detecting a response if it existed with a P < 0.15, then indication of 
tendency for a response. 
 
Results and discussion 
From the sows artificially inseminated, eleven had confirmed pregnancy by ultrasound at 
42 d after artificial insemination, but three of them did not progress to full pregnancy. 
Apparently the cannulation made pregnancy detection through ultrasound less clear. One 
explanation for that would be the formation of pouches around the area where the cannula was 
fixed to the body wall, creating loops where liquids would accumulate, giving a signal in the 
ultrasound similar to the one observed for the individual pouches where the fetuses would be 
encapsulated. 
Sows gained an average of 36.1 ± 5.82 kg during pregnancy. The average number of 
piglets born alive per sow was 9.38 ± 3.12 with crossfostering performed up to 48 h after 
farrowing. Average litter gain during lactation was 47.95 ± 3.07 kg, in an average lactation 
period of 21 ± 0.87 d. This performance was very good indicating a lack of adverse effect of the 
cannulation and the probable applicability of the digestibility results. Average weight and 
number of pregnant sows per treatment and collection periods are provided in Table 6.4. 
 
Table 6.4. Number of animals, average weight by treatment and period for pregnant sows. 
                  Period a: Early Gestation  Late Gestation  Lactation 
Dietb Wt, kg Stdevc n  Wt, kg Stdevc n  Wt, kg Stdevc n 
C 203.7 8.5 2 226.0 20.1 4 221.5 13.1 4 
A 214.8 22.0 2 219.0 8.0 4 209.8 8.9 4 
P 215.7 13.4 4 231.3 27.1 4 226.8 15.7 4 
AP 213.7 18.2 3 224.3 16.6 4 224.5 18.01 4 
a Early gestation - wk 6; late gestation - wk 12 and 13; lactation - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), 
α-galactosidase 0% + Protease 0.1% (P), and α-galactosidase 0.1% + Protease 0.1% (AP). 
c Standard deviation, kg. 
 
Verbascose was detected in trace amounts or not detected at all in the analyzed samples. 
Therefore, there are no reported results for any of the digestibility coefficients in this section.  
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There were no observed statistical differences between dietary treatments (P > 0.10) 
when the data were analyzed as three periods (early and late gestation, and lactation). Results 
observed by Gdala et al. (1997a) using lupins species and α-galactosidase supplementation to 
growing pigs diets showed effects of enzyme supplementation on digestibility of DM and GE 
(78.1 vs 76.0%; 80.4 vs 78.6%, respectively; P < 0.05), which were different from the results 
obtained in the present study. In addition, Gdala et al. (1997a) observed increased ileal 
digestibility of RFOs (96.5 vs 46.5%, 89.8 vs 66.0%, 89.0 vs 80.6%, respectively for raffinose, 
stachyose and verbascose; P < 0.05) with α-galactosidase supplementation to lupin seeds based 
diets (30.7 to 35% of the diet), which had concentrations varying from 0.30 to 0.38%, 1.34 to 
1.90%, and 0.82 to 1.03%, respectively for raffinose, stachyose and verbascose in growing pigs. 
Conversely, Gdala et al. (1997b) did not observe the same effects of α-galactosidase or protease 
in cereal (wheat and barley) plus CSBM based diets (with RFO concentrations of 1.8%) for ileal 
or total tract digestibilities of DM, N, or RFOs. 
Ileal digestibility coefficients of control diet for DM, GE, ADF and NDF showed a slight 
decrease in late gestation compared to early gestation, and a greater reduction in lactation 
compared to gestation (Tables 6.5 to 6.8). The animals had a noticeable reduction of activity 
during the last third of gestation, which may be an explanation for the reduced digestibility, as 
the reduction in activity with the animal laying down most of the time would reduce intestinal 
activity, which was already reduced by the increased volume of reproductive tract plus fetuses in 
the abdomen as it was pointed out by Calvert et al. (1985). Nevertheless, the total tract 
digestibility coefficients were not affected likewise. Microbial fermentation produced by large 
intestine microorganisms likely overcame the patterns observed in ileal digestibilities during 
gestation.  
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Table 6.5. LSMeans for apparent ileal digestibilities (%) during gestation.  
Perioda Early Gestation  Late Gestation  P- valuesg 
Item      Dietb: C P A AP C P A AP RMSEc Period (F) Coll(F) A P A x P F x A F x P F x A x P
   n 2 4 2 3 4 4 4 4          
DM 75.7 77.3 78.9 76.1 75.6 74.2 76.1 78.1 3.41 0.48 0.71 0.28 0.94 0.87 0.68 0.77 0.19 
N 78.6 77.7 78.9 77.0 77.6 76.0 77.5 79.1 3.23 0.70 0.80 0.63 0.61 0.69 0.55 0.60 0.44 
GE 80.1 82.0 82.7 80.4 79.4 77.9 80.5 82.1 3.36 0.35 0.67 0.28 0.97 0.87 0.46 0.93 0.22 
ADF 55.7 52.9 53.7 45.8 49.0 49.0 54.5 60.3 9.73 0.78 0.48 0.65 0.77 0.97 0.13 0.33 0.51 
NDF 45.6 49.1 46.6 37.7 42.4 38.2 43.8 50.8 11.46 0.84 0.33 0.85 0.89 0.95 0.22 0.67 0.24 
Fructose 37.5 86.8 78.9 89.7 -63.7 -32.7 -51.3 5.0 127.61 0.06 0.10 0.66 0.50 0.95 0.98 0.90 0.77 
Gluc + Gald -473.1 52.0 -51.5 -40.7 -110.2 -395.6 -221.3 -206.4 304.57 0.42 0.89 0.43 0.61 0.68 0.63 0.13 0.13 
Sucrose 99.9 100.0 99.9 99.9 99.5 99.9 99.8 99.9 - 0.68 0.63 0.84 0.17 0.96 0.06 0.62 0.79 
Raffinose 11.3 91.5 42.2 12.3 -143.3 5.8 29.3 -72.9 112.42 0.09 0.10 0.81 0.61 0.07 0.46 0.99 0.46 
Stachyose 100.0 100.0 100.0 100.0 99.6 99.0 99.9 99.9 - 0.97 0.10 0.98 0.98 0.98 0.99 0.98 0.98 
Raff + Stache 93.2 99.4 95.6 93.3 83.4 92.7 95.2 88.3 7.67 0.11 0.08 0.78 0.63 0.07 0.40 0.91 0.55 
Total Sugarsf 76.1 97.8 92.6 92.3 82.2 73.8 82.0 81.0 14.78 0.12 0.65 0.47 0.63 0.56 0.87 0.23 0.25 
a Early gestation  wk 6; late gestation - wk 12 and 13; total period  overall gestational mean. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-galactosidase 0% + Protease 0.1% (P), and 
α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Mean Square Error. 
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose and stachyose, which were analyzed with Logit Ordinal Multinomial Model from SAS. 
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Table 6.6. LSMeans for total tract digestibilities (%) during gestation.  
Perioda Early Gestation  Late Gestation  P- valuesg 
Item      Dietb: C P A AP C P A AP RMSEc Period (F) Coll(F) A P A x P F x A F x P F x A x P
   n 2 4 2 3 4 4 4 4          
DM 89.6 89.2 90.1 89.6 88.5 89.7 88.3 88.7 1.24 0.13 0.03 0.87 0.77 0.73 0.35 0.23 0.77 
N 89.7 88.9 89.8 90.0 87.8 89.0 88.3 88.5 1.19 0.03 0.01 0.56 0.69 0.97 0.55 0.34 0.36 
GE 91.8 91.5 92.2 91.9 90.4 91.6 90.4 91.0 1.03 0.04 0.01 0.91 0.49 0.69 0.45 0.19 0.71 
ADF 83.1 81.4 81.2 82.4 84.4 85.7 82.8 83.3 3.51 0.19 0.38 0.40 0.84 0.72 0.60 0.70 0.54 
NDF 79.5 74.6 78.1 78.8 74.4 76.8 73.8 74.9 4.74 0.18 0.41 0.98 0.94 0.58 0.51 0.35 0.41 
Fructose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - - - 
Gluc + Gald 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - - - 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - - - 
Raffinose 100.0 100.0 100.0 96.0 100.0 100.0 99.8 100.0 - 0.99 0.97 0.98 0.99 0.98 0.98 0.99 0.98 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - - - 
Raff + Stache 100.0 100.0 100.0 99.7 100.0 100.0 100.0 100.0 - 0.99 0.93 0.95 0.99 0.98 0.98 0.98 0.99 
Total Sugarsf 100.0 100.0 100.0 99.9 100.0 100.0 100.0 100.0 - 0.95 0.69 0.98 0.98 0.98 0.98 0.98 0.98 
a Early gestation  wk 6; late gestation - wk 12 and 13; combined  overall gestational mean. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-galactosidase 0% + Protease 0.1% (P), and 
α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value. 
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except raffinose, raffinose + stachyose and total sugars, which were analyzed with Logit Ordinal 
Multinomial Model from SAS. 
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 No interactions were observed for any variables, at any period of the experiment. Period 
was statistically significant for total tract digestibilities of N and GE (P < 0.05). But when data 
was analyzed separately for gestation and lactation no statistical differences were observed for 
the studied variables with regard to dietary treatment differences. In lactation data, tendencies for 
higher DM, N, and GE (89.6 vs 88.4, 89.5 vs 87.8, 91.1 vs 89.9%; P < 0.15) total tract 
digestibilities were observed for diet supplemented with α-galactosidase. The means for 
gestation and lactation periods for apparent ileal and total tract digestibilities are presented in 
Tables 6.5, 6.6, 6.7 and 6.8. Remaining results for total period treated in different statistical 
manners are provided in Appendix 10. 
 
Table 6.7. LSMeans for apparent ileal digestibilities (%) during lactationa.  
 Dieta P- values g 
Item C P A AP RMSEc A P A X P 
   N 4 4 4 4     
DM 74.2 75.9 75.8 75.5 2.91 0.68 0.64 0.50 
N 79.1 79.3 78.5 78.1 2.59 0.52 0.93 0.81 
GE 78.1 79.3 78.9 78.5 2.67 0.99 0.75 0.58 
ADF 42.1 44.0 42.8 39.5 7.54 0.63 0.86 0.50 
NDF 40.4 39.5 40.8 37.2 10.51 0.84 0.62 0.77 
Fructose 64.3 56.8 74.8 78.1 28.42 0.28 0.89 0.71 
Gluc + Gald -197.0 -404.3 -78.3 -209.7 257.45 0.25 0.21 0.77 
Sucrose 99.6 99.7 99.7 99.6 - 0.44 0.36 0.46 
Raffinose 81.7 74.7 91.9 77.7 18.55 0.48 0.49 0.72 
Stachyose 100.0 100.0 99.9 99.8 - 0.05 0.64 0.04 
Raff + Stache 99.1 98.3 99.4 98.3 - 0.53 0.16 0.32 
Total Sugarsf 86.1 76.8 91.5 85.5 11.58 0.25 0.21 0.78 
a Lactation - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), 
α-galactosidase 0% + Protease 0.1% (P), and α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Mean Square Error. 
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose, stachyose and raffinose + stachyose, which 
were analyzed with Logit Ordinal Multinomial Model from SAS. 
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 Baucells et al. (2000) obtained similar results for total tract digestibilities of DM, CP, 
and NDF with growing pigs fed a barley-CSBM-pea diet with or without supplemented α-
galactosidase. But for finishing pigs there were statistical differences favoring supplementation 
with enzyme observed for DM and CP total tract digestibilities (84.9 vs 82.5%; 81.9 vs 72.8%; P 
< 0.05, respectively).  
 
Table 6.8. LSMeans for total tract digestibilities (%) during lactationa.  
 Dietb P- values g 
Item C P A AP RMSEc A P A X P 
   N 4 4 4 4     
DM 88.4 87.4 89.6 89.7 2.18 0.13 0.70 0.66 
N 87.8 87.6 89.5 90.2 2.83 0.15 0.86 0.79 
GE 89.9 89.5 91.1 91.2 1.81 0.14 0.88 0.82 
ADF 76.0 77.4 76.5 80.2 6.16 0.60 0.42 0.72 
NDF 68.2 66.9 71.0 72.5 6.21 0.20 0.97 0.65 
Fructose 100.0 100.0 99.9 99.0 - 0.97 0.98 0.97 
Gluc + Gald 100.0 100.0 100.0 100.0 - - - - 
Sucrose 100.0 100.0 100.0 100.0 - - - - 
Raffinose 100.0 100.0 100.0 100.0 - - - - 
Stachyose 100.0 100.0 100.0 100.0 - - - - 
Raff + Stache 100.0 100.0 100.0 100.0 - - - - 
Total Sugarsf 100.0 100.0 100.0 100.0 - - - - 
a Lactation - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), 
α-galactosidase 0% + Protease 0.1% (P), and α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed 
and data were presented without error term or p-value. 
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except fructose, which was analyzed with Logit Ordinal 
Multinomial Model from SAS. 
 
The results obtained by Smiricky et al. (2002) in growing pigs fed a CSBM diet 
supplemented or not with α-galactosidase, where ileal digestibilities of DM and N were not 
affected by enzyme supplementation, but ileal digestibilities of RFOs were increased by enzyme 
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 supplementation (P < 0.05) disagree with the data obtained in this study. According to Smiricky 
et al. (2002) one of the possibilities for the high RFOs digestibilities observed in many studies 
could be their digestion by bacterial α-galactosidases at the terminal ileum or fermentation by 
microorganisms colonizing the terminal ileum, which in sows is explained by the development of 
a longer GI tract and time to develop a more rich intestinal microflora (Stein et al., 1999a). 
Under the conditions of this experiment, it can be concluded that supplementation of the 
tested enzyme products during gestation or lactation was not beneficial. Although no statistical 
differences were observed for the studied variables, some patterns on values of apparent 
digestibility coefficients were observed. Gestation ileal digestibilities coefficients were not 
significantly different among treatments. However, in late gestation diets supplemented with α-
galactosidase presented larger ileal digestibility coefficients for DM, GE, ADF and NDF, and in 
early gestation protease supplemented diets also showed higher values. In late gestation and 
lactation periods, higher numeric values were observed for the ileal digestibilities of ADF with 
the enzyme-supplemented diets. In lactation, enzyme supplemented diets showed larger values 
for DM ileal digestibilities. 
 
Implications 
The supplementation of pure exogenous enzymes to the swine gestation-lactation diets in 
this experiment did not definitively improve ileal or total tract digestibilities of nutrients. 
However, observed results for ileal and total tract digestibilities in the dietary treatment 
supplemented with α-galactosidase showed higher values for some of the nutrients evaluated. 
Issues on dosage, statistical design and methodologies on reducing interference of microbial 
population of the terminal ileum may be approaches to be considered for further evaluation. 
Effects on ileal digestibilities of sugars were not detected or disregarded because of high 
variation observed between sows. More studies are necessary to obtain a reliable and repeatable 
methodology for evaluation of sugars (mono-, di-, oligosaccharides) ileal digestibilities in sows, 
where control over the microbial population of the terminal ileum may be achieved, reducing the 
effects of fermentation on digestibility results. This improvement should increase total nutrient 
yield to the sow which may impact sow body condition and/or milk yield. 
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 Chapter 7 
 
EFFECT OF VEGPRO® ON THE DIGESTIBILITY OF SOYBEAN MEAL IN 
 GESTATION-LACTATION SWINE DIETS 
 
Summary 
A commercial enzyme product containing cellulase and protease activities (Enz 1) was 
supplemented to gestation and lactation diets to evaluate the effects on ileal and total tract 
nutrient digestibilities of SBM in crossbred females (n = 5; BW = 204.2 ± 20.4 kg) fitted with 
ileal T-cannulae. Enz 1 was added to a semipurified diet containing only SBM (0.81% lysine, 
0.74% Ca, and 0.61% P) as a protein source and fed during three collection periods. Dietary 
treatments were: Control  semipurified diet with SBM; and Enz 1 - control plus Enz 1. Ileal and 
fecal samples were collected at wk 6-7 and wk 12-13 of gestation and wk 2-3 of lactation. 
Females were randomly allotted to a diet in each week of the collection period according to a 
completely randomized crossover design. Fecal sample collection took place between d 4-7, ileal 
samples were collected for a period of 12 h on d 6 and d 7. Diets were then changed and another 
collection was made. Apparent digestibility of DM, N, GE, ADF, and NDF was determined 
using Cr2O3 as an indigestible marker. Effects (P < 0.10) of the enzyme product on nutrient 
digestibility were observed during gestation. Apparent ileal digestibilities of N were greater for 
Enz 1 (82.3 vs 80.0; P < 0.09). In addition, there were tendencies to higher ileal digestibilities 
coefficients for DM and GE in the supplemented diet (82.7 vs 81.3, and 85.4 vs 84.2; P < 0.15). 
No effects (P > 0.10) were observed during lactation period for any of the variable tested. The 
loss of experimental units reduced the probability of detection of statistical differences during the 
lactation period. However, for ileal digestibilities of DM, N and GE, values ranging from 1.2 to 
2.6% higher digestibilities were observed, being these results consistent with statistically 
significant ones observed during gestation. For total tract digestibilities results were 
contradictory. Under the conditions of this experiment, positive effects of enzyme 
supplementation during gestation was observed for N ileal tract digestibilities, and tendencies to 
increased ileal digestibilities of DM and GE were detected for the supplemented diet. 
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 Introduction  
The use of exogenous enzyme supplementation in swine diets has been greatly expanded 
in the last decade. Specifically the use of enzyme products developed to improve the digestibility 
of specific components present in feedstuffs, such as α-galactosidase, proteases, cellulase, etc. 
(Gdala et al., 1997 ab; Mavromichalis et al., 2000; Min et al., 2002). Although diets containing 
SBM were considered effectively digested by swine (Smiricky et al., 2002) as the antinutritional 
factors (i.e., oligosaccharides) were encountered in relatively small amounts in SBM, some 
researchers recently obtained improvements in digestibilities of nutrients and performance for 
poultry and swine diets, or at least indications suggesting that those diets can be improved in 
their digestibilities by enzyme supplementation (Silversides and Bedford, 1999; Baucells et al., 
2000).  
Because results of experiments for some enzymes have not been consistent, Charlton 
(1996) suggests that the inconsistency may be the consequence of some diets formulated to 
exceed animal nutrient requirements. Nevertheless, there are areas which can yet be examined 
and where improvements in digestibility of nutrients can be achieved. The nutrition of gestating 
and lactating sows may potentially be improved by the supplementation of enzymes, thus 
improving digestibility of nutrients, leading to higher energy available to the animals in specific 
periods of gestation and during lactation.  
Because the majority of RFOs in commercial diets are from the SBM, the objectives of 
this experiment were to determine the extent of ileal and total tract digestion of the nutrients 
from the SBM present in the semipurified diet fed to gestating and lactating swine, and the 
interactions with exogenous enzymes added (as a commercial product) to the diet. Of specific 
interest were potential effects on ileal and total tract digestibility of specific nutrients, such as N, 
GE, ADF, NDF, and fructose, glucose+galactose, sucrose, raffinose, stachyose, and verbascose 
in swine during gestation and lactation. 
 
Material and methods 
Animals 
Eleven Yorkshire/Landrace sows surgically fitted with a T-shaped cannula in the distal 
ileum (Stein et al., 1998) from previous experiments (average parity/sow = 3 ± 1.7; mean wt = 
207 ± 22) were either estrus synchronized with oral progestagen altrenogest (Regu-Mate®, 
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 Hoescht Roussel Vet., Amsterdam, Netherlands) added to the diet and fed during 18 d for 
artificial insemination within 10 d after withdrawn, or were inseminated at the first estrus after 
weaning. When standing estrus was observed sows were artificially inseminated to a Duroc boar. 
Pregnancy was evaluated by ultrasound on d 39 ± 3 of gestation. Pregnant sows (n = 5) were 
randomly assigned to dietary treatments at wk 6 of gestation and fed a semipurified diet with 
SBM to which experimental enzymes were added. 
Treatment diets 
The enzyme product contained cellulase, protease, and side α-galactosidase activities 
(Allzyme VegPro, Alltech, Inc., Nicholasville, KY; dried fermentation extracts of Aspergillus 
niger, Trichoderma viride, and Aspergillus orizae formulated to contain a minimum of 7.71 
million HUT/g of protease activity and 75000 CMC units/g of cellulase activity). One HUT 
(Hemoglobin Unit on a Tyrosine Basis) unit of proteolytic (protease) activity is defined as that 
amount of enzyme that produces, in 1 minute under the specified conditions, a hydrolysate 
whose absorbance at 275 nm is the same as that of a solution containing 1.10 µg/ml of tyrosine 
in 0.006 N hydrochloric acid. One unit of cellulolytic activity was defined as the amount of 
enzyme that released 1µmol of reducing sugar (glucose equivalent) per minute. The enzyme 
product was reported as having side activities (i.e., unspecified amounts) of α-galactosidase, 
xylanase and amylase. 
The enzyme product was added to the basal diet at 0.1% and replaced by the product 
carrier (calcium sulfate) at the same proportion for the control diet. Formulated experimental 
diets are presented in Table 7.1 and the analyzed chemical composition of diets is in Table 7.2.  
Sows were fed 1.9 kg daily throughout gestation, including between and during the 
collection periods where they were offered the dietary treatments. When lactation started, sows 
were offered 3.2 kg of feed in the first 3 d, until they have consumed all in one day. The feed 
allowance was increased by 0.9 kg every 3 d, until they reached a consumption of at least 6.4 kg 
of feed daily. Otherwise, the females were fed the same CSBM based diet used as control for 
Experiments 1 and 2 described in this dissertation. During collection periods chromic oxide 
(Cr2O3) was added to the experimental diets at 0.25% for determination of apparent 
digestibilities. 
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 Table 7.1. Experimental diets and their calculated analysis. 
 Dietary treatmentsa 
Ingredient Control  Enz 1 b 
Starch 33.40 33.40 
Dehulled soybean meal 26.00 26.00 
Dextrose 28.00 28.00 
Carrier (calcium sulfate) 0.10 - 
Allzyme VegPro®  b - 0.10 
Cellulose 3.00 3.00 
Choice white grease 5.00 5.00 
Dicalcium phosphate 2.40 2.40 
Limestone 0.45 0.45 
Salt, iodized 0.50 0.50 
Choline Mix, 50%c 0.10 0.10 
Vitamin mix d 0.10 0.10 
Trace-mineral mix e 0.05 0.05 
Dynamate® f 0.50 0.50 
Methionine g 0.15 0.15 
Chromic oxide 0.25  0.25 
                                         Total 100.00 100.00 
a Diets were formulated to contain 12.61% crude protein, 0.81% lysine, 0.74% calcium, 0.61% total phosphorus, 
3535 kcal/kg ME, and 5.23% ether extract content. 
b Dried fermentation extracts of Aspergillus niger, Trichoderma viride, and Aspergillus orizae formulated to contain 
a minimum of 7.71 million HUT/g of protease activity and 75000 CMC units/g of cellulase activity, Alltech, Inc., 
Nicholasville, KY. 
c Choline mix supplied, per kg of diet: 434 mg choline.   
d Vitamin mix supplied, per kg of diet: 6,600 IU vitamin A, 880 IU vitamin D3, 44 IU vitamin E, 4.8 mg vitamin K, 
6.6 mg riboflavin, 16.5 mg pantothenic acid, 33 mg niacin, 0.99 mg folic acid, 0.165 mg d-biotin, 24.5 µg vitamin 
B12, and 3.3 mg vitamin B6. 
e Mineral mix supplied, per kg diet: 90 mg Fe (iron sulfate monohydrate), 90 mg Zn (zinc oxide), 30 mg Mn 
(manganous oxide), 8.75 mg Cu (copper sulfate pentahydrate), 1.0 mg I (calcium iodate), 0.2 mg Se (selenium 
mix), and 0.15 mg Co (cobalt sulfate monohydrate). 
f Dynamate® supplied, per kg diet: 0.11% sulfate, 0.09% potassium and 0.055% magnesium. 
g DL-Methionine, synthetic. 
 
Collections 
Collection periods were scheduled for wk 6 and 7 of gestation, corresponding to early 
gestation; wk 12 and 13 of gestation, corresponding to late gestation; and wk 2 and 3 of lactation. 
Sows were fed the experimental diets for the entire 7 d during the collection periods. Fecal 
sample (grab) collection was performed during d 4 through 7 (as long as needed to obtain 
enough material for analysis). Ileal digesta collections were performed for two periods of 12 
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 hours continuously on d 6 and 7, maintained in an ice cooler and transferred to a freezer at -
20°C within two h of collection. In the subsequent week samples were thawed, composited and 
refrozen for freeze drying and later analysis. Diets were then changed and another collection 
period took place. 
 
Table 7.2. Analyzed chemical composition of diets per period. 
 Diets 
Ingredient Early gestation Late Gestation Lactation 
DM, % 92.28 90.06 90.66 
 ---------------------------------DM basis-------------------------------- 
CP, % a 12.79 13.53 12.93 
ADF, % 4.88 5.53 5.29 
NDF, % 9.93 10.00 11.82 
GE, cal/g 4141 4275 4171 
Fructose, %  NDe NDe NDe 
Gluc + Gal, % b NDe NDe NDe 
Sucrose, % 1.91 2.54 2.06 
Raffinose, % 0.04 0.04 0.04 
Stachyose, % 0.85 1.08 0.98 
Verbascose, % Traces Traces Traces 
Raff + Stach, % c 0.89 1.12 1.02 
Total sugars, % d 2.80 3.66 3.08 
a % N x 6.25. 
b Glucose + galactose. 
c  Raffinose + stachyose. 
d  Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
e Not detected. 
 
Laboratory analysis 
Samples of feeds, freeze dried ileal digesta and oven dried fecal matter were ground in a 
coffee grinder to a fine texture. Samples were analyzed for DM using an adaptation of the 
method from the AOAC (1995), where DM was determined after drying the samples overnight 
in an oven at 105°C, and moisture content calculated by difference. Nitrogen content was 
determined using Dumas methodology in a LECO FP-2000 Automated Analyzer (LECO 
Corporation, Saint Joseph, MI, www.leco.com). Determination of GE was performed by 
measurement of heat of combustion in the samples tested using a Model 1261 Parr Technology 
   
98 
 (Parr Instrument Company, Moline, IL, www.parrinst.com) oxygen bomb calorimeter 
(adaptation of methods from the AOAC, 1995). Chromium content in the samples (from Cr2O3) 
was analyzed through a modification of the procedure established by Williams et al. (1962). Acid 
detergent fiber and neutral detergent fiber were based on modified assays from Van Soest (1963 
and 1967, respectively). A new protocol was validated for the determination of mono-, di- and 
oligosaccharides (RFO) in complex samples. The protocol was designed based on Molnár-Perl 
and Pintér-Szakács  (1984) and Bach Knudsen and Li (1991). Methodologies are described in 
Appendices 1 through 6. 
Performance data 
Data related to the reproductive performance of the sows were collected throughout 
gestation and lactation and calculated. Sows were weighed weekly throughout gestation and 
lactation periods, and data recorded for calculations on pregnancy weight gain, lactation body 
weight losses and weights for every period of collection. Piglets were individually weighed every 
week until weaning and data recorded as initial litter weight and final litter weight for 
calculations on litter weight gain during lactation, and average weaning weight. 
Experimental design and statistical analysis 
Gestating and lactating sows were assigned to dietary treatments according to a 
completely randomized crossover design. Allotment to dietary treatments for gestating and 
lactating sows is presented in Table 7.3.  
 
Table 7.3. Allotment of sows to dietary treatmentsa. 
Animal number Early Gestation  Late Gestation  Lactation 
 wk 6 wk 7 wk 12 wk 13 wk 2 wk 3 
1 C V V C - - 
2 V C C V - - 
3 C V V C V - 
4 C V V C V C 
5 V C C V C V 
a Early gestation - wk 6 and 7; late gestation - wk 12 and 13; lactation - wk 2 and 3. 
b Dietary treatments: Control  semipurified diet with SBM ( C); Enz 1 - control plus 0.1% Allzyme VegPro® (V). 
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 Data were analyzed by analysis of variance using the General Linear Model procedure 
of SAS (2000). The model for analysis of dietary treatment effects on ileal and total tract 
digestibilities included effects of period, collection within period (period and (or) collection were 
not part of the model for lactation data analysis), diet, and interaction between diet and period. 
Orthogonal contrasts were performed to observe period comparisons: early gestation vs late 
gestation, and gestation vs lactation period. When all observations from a response variable were 
similar, no statistics were computed and data were presented without error term or p-value. Data 
response at the boundary of 100% was analyzed by logistic regression (Allison, 1999) using the 
Logit Ordinal Multinomial Model of SAS (2000). Logistic regression applies maximum 
likelihood estimation after transforming the dependent variable into a logit variable (the natural 
log of the odds of the dependent occurring or not).  
The error term reported in all tables is Root Mean Square Error (RMSE). The RMSE can 
be converted to a more used error term, Standard Error of the Mean (SEM), by dividing its value 
by the root square of the number of replications/observations associated to each specific mean. 
Although the number of replications/observations was equal for both gestation periods, it was 
decided continuing the use of RMSE as the error term for gestation periods, to be consistent with 
the other chapters presenting experimental results. 
Based on the tests on power calculations in Chapter 4, an alpha level of 0.10 was used to 
allow an 80% probability of detecting a response if it existed with a P < 0.15, then indication of 
tendency for a response. 
 
Results and discussion 
Pregnancy was evaluated by ultrasound on d 39 ± 3 of gestation. Average weight and 
number of pregnant sows per treatment and collection periods were in Table 7.4. 
Sows gained an average of 41.5 ± 4.11 kg during pregnancy. The average number of 
piglets born alive per sow was 9.67 ± 1.8. During lactation the number of pigs per sow was 9.17 
± 0.37 with crossfostering performed up to 48 hours after farrowing to produce a similar impact 
on milk production. Average litter gain during lactation was 59.63 ± 10.7 kg, in an average 
lactation period of 26 ± 2.52 d. This performance was very good indicating a lack of adverse 
effect of the cannulation and the probable applicability of the digestibility results.  
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 Table 7.4. Number of animals, average weight by treatment and period for pregnant sows. 
                      Perioda Early Gestation  Late Gestation  Lactation 
Dietb Wt, kg Stdevc n Wt, kg Stdevc n Wt, kg Stdevc n 
Control 219.8 21.3 5 235.0 20.3 5 206.3 26.6 2 
Enz 1 220.2 22.6 5 232.0 23.1 5 204.5 13.4 3 
a Early gestation - wk 6 an 7; late gestation - wk 12 and 13; lactation - wk 2 and 3. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1 - control plus 0.1% Allzyme VegPro®.  
c Standard deviation, kg. 
 
Three sows lost the cannula during lactation (two in the first week and one by the end of 
second week of lactation), producing a situation where the number of observations per treatment 
would not be enough to obtain reliable results. However, the data were analyzed to be compared 
to data from the previous experiments and observations on how the patterns of digestibilities may 
be repeated. 
In this particular experiment there were problems involving the detection of glucose + 
galactose and fructose in the diet samples. Although the chromatographs showed large peaks that 
probably represent the presence for glucose + galactose and fructose not detected by the 
calibration table set in the gas chromatographer system. The retention times were not in the range 
observed for the standards or any other previously sample analyzed. As expected, peaks for 
glucose + galactose and fructose were detected in ileal samples. However, digestibility 
calculations were not performed as no values for the diets were obtained. The most probable 
explanation for the observed problem could be that during the basal diet preparation the source 
of fat was added at high temperatures to the dry base ingredients, creating granules as the fluid 
fat entered into contact with the high starch diet. All the diet had to be sieved to obtain a fine 
texture final mixture.  
Some tests were run with standards and diets with the objective to overcome the obstacle 
in detecting all the sugars proposed at the beginning of the project, and that were accomplished 
for the previous experiments. The dextrose used as ingredient in the diets and a diet sample (in 
duplicate) for each collection period was defatted in a soxhlet extraction system and further 
processed (extracted, dried and derivatized) for GC analysis. The objective in this test was to try 
to produce high temperatures, similar to the ones observed during the preparation of the diets for 
the standard used for dextrose, and by removing the fat from the diets, reduce any interference 
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 that it may be causing in the GC determination. The outcome observed in the chromatographs 
was equal to the previous results obtained without defatting the samples. The dextrose ingredient 
was then used as a standard to produce a retention time peak similar to the same peak observed 
with the diet samples but it did not reflect the same retention time peak at the chromatograph. 
Retention times were different, although it was visually observed that the peaks from the same 
concentrations have a similar area and shape, leading to the conclusion that probably one of the 
reagents used in the derivatization process or one of the physical processes utilized may be 
chemically changing the compound in question.  
Verbascose was detected in trace amounts or not detected at all in the analyzed samples. 
Therefore, it is not reported for any of the means of digestibility coefficients in this section.   
Effects of the enzyme product on nutrient digestibility were observed during gestation (P 
< 0.10). Apparent ileal digestibility of N was greater for the enzyme supplemented diet (82.3 vs 
80.0; P < 0.09). In addition, there was a tendency for higher ileal digestibilities for DM and GE 
in the supplemented diet (82.7 vs 81.3, and 85.4 vs 84.2; P < 0.15). Ileal digestibilities for sugars 
either in gestation or lactation periods did not reveal differences due to dietary treatment and 
generally were not consistent with the results obtained in the two previous experiments. The 
inconsistency of results may be explained by detection issues due to the smaller amounts of 
sugars in relation to the two previous experiments. In addition, Bedford (2000) comments that 
feeding highly digestible diets may cause the majority of nutrients to be digested and absorbed 
before establishing a favorable environment for microbial growth (through substrate limitation), 
consequently reducing the microbial populations in the lower small intestine. Data is provided in 
Table 7.5. Additional data for total tract digestibilities during gestation, and ileal and total tract 
digestibilities during lactation are provided in Tables 7.6, 7.7, and 7.8.  
Results from the gestation and lactation period for DM, N and GE did not show the same 
patterns of reduction for ileal digestibilities observed in the two previous experiments presented 
in Chapters 5 and 6. This may be explained by the use of older and heavier females, which likely 
have a longer and more active GI tract, in terms of microorganism colonization and motility to 
overcome reduction of efficiency attributed to age. Noblet and Le Goff (2001) suggested that the 
size of the large intestine proportionally to body weight or feed intake increases as the body 
weight increases. This is associated with a lower rate of passage of digesta and longer retention 
of digesta promoting more time for fermentation of feed residues from the ileum. Regarding the 
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 microbial fermentation in the hindgut, Bach Knudsen et al. (1993) reported that the cecum and 
proximal and ascending colon of pigs were the most important sites of the hindgut with more 
than 92% of the carbohydrates being fermented within these segments. This would support the 
theory that the terminal ileum in sows is colonized with microbial population migrating from the 
cecum and ascending colon.  
The loss of experimental units during the lactation period due to loss of cannulae, 
determined that the statistical analysis performed with lactation data was not strong enough to be 
considered because of the small number of observations. However, the data are presented 
(Tables 7.7 and 7.8) to show some peculiarities and comments in relation to previous studies by 
other researchers and the two previous experiments reported in this dissertation. It had to be 
taken in consideration that the p-values presented in the tables about the referred data can not be 
considered as valid for the purposes of statistical significance of the whole study, as they were 
from a reduced number of observations. 
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Table 7.5. LSMeans for apparent ileal digestibilities (%) during gestation. 
                 Perioda Early Gestation Late Gestation  Combined P- values g 
Item         Dietb: Control Enz 1 Control Enz 1 Control Enz 1 RMSEc Period (P) Coll(P) Diet Diet X P
   n 5 5 5 5 10 10      
DM 81.6 82.7 80.9 82.7 81.3 82.7 1.96 0.72 0.37 0.14 0.68 
N 79.5 81.0 80.4 83.5 80.0 82.3 2.80 0.19 0.61 0.09 0.55 
GE 84.3 85.3 84.1 85.5 84.2 85.4 1.63 0.99 0.31 0.15 0.83 
ADF 19.8 17.7 26.8 25.9 23.3 21.8 17.35 0.34 0.50 0.85 0.94 
NDF 9.2 11.5 8.6 12.4 8.9 12.0 12.93 0.98 0.11 0.61 0.90 
Sucrose 99.6 99.2 99.1 99.1 99.3 99.2 - 0.14 0.36 0.26 0.15 
Raffinose 21.9 8.9 -397.1 -159.1 -187.6 -75.1 318.27 0.06 0.12 0.45 0.40 
Stachyose 99.1 97.6 7.4 32.4 53.2 65.0 74.28 0.03 0.30 0.73 0.70 
Raff + Stachd 95.6 93.6 -8.1 25.1 43.7 59.3 82.99 0.04 0.26 0.69 0.65 
Total Sugarse  81.1 72.3 38.8 51.7 60.0 62.0 35.98 0.07 0.27 0.90 0.52 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; combined  overall gestational mean. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1 - control plus 0.1% Allzyme VegPro®.  
c Root Mean Square Error.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose, which was analyzed with Logit Ordinal Multinomial Model from SAS. 
   
 
104
Table 7.6. LSMeans for total tract digestibilities (%) during gestation. 
Perioda Early Gestation Late Gestation  Combined P- values g 
Item         Dietb: Control Enz 1 Control Enz 1 Control Enz 1 RMSEc Period (F) Coll(F) Diet Diet X F
   n 5 5 5 5 10 10      
DM 91.7 92.0 92.0 92.0 91.9 92.0 1.12 0.81 0.11 0.79 0.77 
N 89.8 90.3 90.3 90.9 90.0 90.6 1.27 0.38 0.31 0.32 0.98 
GE 93.4 93.8 93.6 93.7 93.5 93.8 0.99 0.99 0.14 0.55 0.75 
ADF 80.4 79.1 82.1 86.4 81.2 82.8 6.88 0.17 0.71 0.64 0.39 
NDF 74.3 70.1 78.1 73.8 76.2 72.0 7.01 0.26 0.33 0.21 0.99 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Raffinose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Raff + Stachd 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Total Sugarse  100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; combined  overall gestational mean. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1 - control plus 0.1% Allzyme VegPro®. 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS. 
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Table 7.7. LSMeans for apparent ileal digestibilities (%) during lactationa. 
 Dietb P- value g 
Item        Control Enz 1 RMSEc Diet 
   n 2 3   
DM 81.0 83.2 2.60 0.46 
N 78.9 81.5 1.59 0.22 
GE 83.8 85.0 0.86 0.27 
ADF 3.0 21.6 17.18 0.36 
NDF 16.1 28.1 7.79 0.24 
Sucrose 98.9 98.9 - 0.50 
Raffinose -132.0 -975.9 248.16 0.07 
Stachyose 41.1 -304.8 79.40 0.04 
Raff + Stachd 34.3 -331.2 77.68 0.04 
Total Sugarse 64.9 -70.1 36.67 0.06 
a Lactation - wk 2 and 3 of lactation. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1 - control plus 0.1% Allzyme VegPro®. 
c Root Mean Square Error.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose, which was analyzed with Logit Ordinal 
Multinomial Model from SAS. 
 
 
Ileal digestibilities coefficients for DM, N, and GE follow the same pattern as in 
gestation, with the supplemented diet showing higher numeric values (83.2 vs 81.0, 81.5 vs 78.9, 
and 85.0 vs 83.8) for the enzyme product supplemented diet. The numeric changes obtained in 
ileal digestibilities for N and GE in this experiment followed a similar pattern as the values 
obtained in lactation for Exp. 1, where the enzyme supplementation resulted in greater values 
(Table 5.8). Gdala et al. (1997b) did not observe differences for ileal or total tract digestibilities 
of DM, or N (68.3 vs 66.2, 80.3 vs 78.8; P > 0.05) when growing pig cereal-SBM diets were 
supplemented with enzymes, but the differences in numeric values are similar as the ones 
observed in this experiment although they were not statistically different. However, Min et al. 
(2002) observed greater (P < 0.05) ileal digestibilities for DM and N in finishing pigs fed CSBM 
diets supplemented with a mixture of enzymes.  
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Table 7.8. LSMeans for total tract digestibilities (%) during lactationa. 
 Dietb P- value g 
Item        Control Enz 1 RMSEc Diet 
 2 3   
DM 92.3 91.3 0.39 0.11 
N 91.0 89.7 1.50 0.43 
GE 93.8 92.6 0.49 0.12 
ADF 72.0 73.0 7.24 0.90 
NDF 70.9 75.1 6.17 0.53 
Sucrose 100.0 100.0 - - 
Raffinose 100.0 100.0 - - 
Stachyose 100.0 100.0 - - 
Raff + Stachd 100.0 100.0 - - 
Total Sugarse 100.0 100.0 - - 
a Lactation - wk 2 and 3 of lactation. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1 - control plus 0.1% Allzyme VegPro®. 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed 
and data were presented without error term or p-value.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS. 
 
Under the conditions of this experiment, positive effects of enzyme supplementation 
during gestation was observed for N ileal tract digestibilities, and tendencies to increased ileal 
digestibilities of DM and GE were detected for the supplemented diet. No effects were detected 
during the lactation period. 
 
Implications 
Supplementation of the enzyme product tested in this study was effective in increasing 
ileal digestibilities coefficients of N during gestation, showing also a tendency to greater DM and 
GE ileal digestibility. Results observed in lactation for ileal digestibilities were similar to the 
results obtained in gestation periods. However, the small number of observations impaired the 
statistical evaluation of the results. Effects on ileal digestibilities of sugars were not detected or 
disregarded because of high variation observed between sows. More studies are necessary to 
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obtain a reliable and repeatable methodology for evaluation of sugars (mono-, di-, 
oligosaccharides) ileal digestibilities in sows, where control over the microbial population of the 
terminal ileum may be achieved, reducing the effects of fermentation on digestibility results. 
This improvement should increase total nutrient yield to the sow which may impact sow body 
condition and/or milk yield. 
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Chapter 8 
 
GENERAL DISCUSSION 
 
Summary of experimental results 
Experiment 1 results of evaluation of the effects of two enzyme products supplemented to 
practical CSBM diet fed to second parity crossbred sows showed that a reduction of ileal 
digestibilities of GE, ADF and NDF was observed for the late gestation period. Apparent ileal 
digestibilities during lactation were improved by supplementation with protease/cellulase 
product for GE (81.5 vs 79.5, P < 0.09) with a tendency to increased DM and NDF ileal 
digestibilities (79.3 vs 77.3, P < 0.11; 46.1 vs 39.6, P < 0.16, respectively), and were improved 
by supplementation with xylanase product for DM, N and GE (81.7 vs 77.3; 84.3 vs 81.2; 83.8 
vs 79.5; P < 0.02, respectively) when the enzyme supplemented diets were compared to the 
control diet. A tendency for increased NDF ileal digestibility (47.1 vs 39.6; P < 0.11) was 
observed with xylanase supplementation compared to the control diet. Total tract digestibilities 
of DM, N, and GE were improved by xylanase supplementation (90.8 vs 89.8; 90.6 vs 89.0; 91.9 
vs 90.7; P < 0.05, respectively). Protease/cellulase supplementation increased DM and N total 
tract digestibilities (90.7 vs 89.8, P < 0.05; 90.1 vs 89.0, P < 0.10, respectively).  
No interactions were observed for any of the studied variables at any period of the 
collections in the second experiment, where two pure exogenous enzymes (protease and α-
galactosidase were supplemented to a CSBM based diet. In lactation data, tendencies for higher 
DM, N, and GE (89.6 vs 88.4, 89.5 vs 87.8, 91.1 vs 89.9%; P < 0.15) total tract digestibilities 
were observed for the diet supplemented with α-galactosidase. 
In Experiment 3, effects (P < 0.10) of the enzyme product supplemented 
(protease/cellulase) to the semipurified diet on nutrient digestibility were observed during 
gestation. Apparent ileal digestibilities of N were greater for the supplemented diet (82.3 vs 80.0; 
P < 0.09). In addition, there were tendencies to higher ileal digestibilities coefficients for DM 
and GE in the supplemented diet (82.7 vs 81.3, and 85.4 vs 84.2; P < 0.15). No effects (P > 0.10) 
were observed during lactation period for any of the variable tested. The loss of experimental 
units reduced the probability of detection of statistical differences during the lactation period. 
However, for ileal digestibilities of DM, N and GE, values ranging from 1.2 to 2.6% higher 
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digestibilities were observed, being these results consistent with statistically significant ones 
observed during gestation. For total tract digestibilities results were contradictory. Under the 
conditions of this experiment, positive effects of enzyme supplementation during gestation was 
observed for N ileal tract digestibilities, and tendencies to increased ileal digestibilities of DM 
and GE were detected for the supplemented diet.  
In summary, according to the results reported in this dissertation, the supplementation of 
exogenous enzymes to gestating and lactating swine has the potential to increase the ileal 
digestibilities of DM, N, and GE, especially during the lactation period when added to practical 
CSBM diets and presents further effects during gestation when added to semipurified diets 
consisting of SBM and purified feedstuffs.  
 
Methodologies 
The surgical procedures worked well and most of the females recovered without 
problems. However, problems with the material used to manufacture the cannulae were 
observed. The barrels of the cannulae apparently were not manufactured with the same type of 
stainless steel used in the flange. Pictures of the cannulae recovered at the end of all experiments 
are provided in Appendix 8. The pictures show the barrel with different thickness in the wall, 
depending on wearing for longer periods in the animals or greater reaction of individual sows. 
Also, there are pictures of a cannula that broke in the top 1/3 of the barrel, being pushed inside 
the intestine and recovered in the feces after 1 ½ d. This happened during the last experiment in 
the lactation period. At least three sows had cannula with holes in the barrel at the end of the 
third experiment due to wearing off of the material used in the barrel manufacture. This problem 
greatly affected the number of experimental units for the studies. 
Scheduled times and periods of collection worked throughout the experiments. The 
periods were scheduled at the same time within gestation and lactation for all the experiments, 
except in Experiment 2, where the early gestation period was comprised of only 1-wk. The 1- wk 
period was chosen because a number of sows had positive pregnancy detected about 42 d after 
AI, and with the factorial arrangement of treatments would provide enough degrees of freedom 
for the statistical analysis. However, it turned out that three of the sows included in the early 
gestation period either had early absorption of embryos or were false positives due to errors in 
pregnancy detection. Apparently the cannulation made pregnancy detection through ultrasound 
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less clear. One explanation for that would be the formation of pouches around the area where 
the cannula was fixed to the body wall, creating loops where liquids would accumulate, giving a 
signal in the ultrasound similar to the one observed for the individual pouches where the fetuses 
would be encapsulated. 
The protocol validated for the determination of sugars worked well as it was shown in 
Chapter 3 with results of tests done to check for precision and recovery of sugars of interest. For 
this dissertation 50% ethanol (v/v) was chosen as the solvent for sample extraction based on the 
results of Bach Knudsen and Li (1991). Nevertheless, improvements may still be possible to 
assure the highest level of extraction and recovery in the process as few results are available in 
the literature about ileal digesta and fecal sample extraction with the objective to determine sugar 
content. Tests with extraction using different solvent concentrations (ethanol 50% and 80%) and 
with temperature during the extraction process (40°C, or temperatures varying between 60°C and 
boiling point temperature for the solvent used) were pointed out by Amuti and Pollard (1977), 
Knudsen (1986), Kuo et al. (1988 and 1990), Blackman et al. (1992), Horbowicz et al. (1995), 
Bach Knudsen (1997), Sánchez-Mata et al. (1998), and Bailly et al. (2001) as a means of 
improving extraction of sugars in some complex samples. Johansen et al. (1996b) observed a 
strong statistical interaction between the extraction solvent (ethanol or methanol) and the 
temperature of extraction (20°C, 50°C, or boiling temperatures varying from 73°C to 83°C) 
when working with plant seeds (toasted SBM, cottonseed meal, field peas and feed mixture 
composed of plant feedstuffs and animal fat). The results lead to the conclusion that the solvent 
and temperature produce diverse results on amount of oligosaccharides extracted. The lower the 
concentration of the solvent the less sensitive to temperature it was in obtaining different amount 
of extracted oligosaccharides. Higher temperatures increased extraction of oligosaccharides 
especially in fibrous samples such as cottonseed meal. 
For the semipurified diet on Experiment 3, problems in the determination of glucose + 
galactose and fructose were observed. Several procedures were tested to obtain retention times 
that would fit in the calibration table set for the determination assay validated. There were 
observed peaks that would refer to both sugars, but their retention time were not coinciding with 
the retention times observed for the standard calibration table settings. Because during feed 
preparation the added fat was heated, it was thought that this could have modified the sugars 
present in the diet to some of their anomeric forms. Temperature treatment to the standards and 
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fat extraction of the diets were tested with the objective to produce conditions similar to those 
used for feed preparation. In addition, the dextrose used as ingredient in the diet was added to the 
standard calibration table. None of the procedures enabled the observance for the extracted diet 
samples of peaks corresponding to the retention times for glucose + galactose and fructose. 
However, there were two peaks in positions close to the retention times expected, which might 
be correspondent to anomeric forms of glucose + galactose and fructose that the tests used were 
not able to reproduce. 
 
Ileal and total tract digestibilities 
Ileal digestibility coefficients of control diet for DM, GE, ADF and NDF for the first two 
experiments presented a slight decrease in late gestation compared to early gestation, and a 
greater reduction in lactation compared to gestation (Table 8.1). It was observed the animals had 
a noticeable reduction of activity during the last third of gestation. That may be an explanation 
for the reduced digestibility, as the reduction in activity with the animal laying down most of the 
time would reduce intestinal activity, which was also reduced by the increased volume of 
reproductive tract plus fetuses in the abdomen as it was pointed out by Calvert et al. (1985). 
Nevertheless, the total tract digestibility coefficients were not affected likewise. Microbial 
fermentation produced by large intestine microorganisms likely overcame the patterns observed 
in ileal digestibilities during gestation. Although there were not enough observations in the last 
experiment to obtain strong statistical conclusions about it, the same patterns were not 
reproduced. This could be explained by the use of older and heavier females, which would 
theoretically have a longer and more active GI tract, in terms of microorganism colonization and 
motility to overcome reduction of efficiency attributed to age, also it was a semi-purified diet. 
Regarding the microbial fermentation in the hindgut, Bach Knudsen et al. (1993) reported that 
the cecum and proximal and ascending colon of pigs were the most important sites of the hindgut 
with more than 92% of the carbohydrates being fermented within these segments. This would 
support the theory that the terminal ileum in sows is colonized with microbial population 
migrating from the cecum and ascending colon. Although microbial nitrogen was not measured 
in this dissertation, it can be speculated that there are a larger number of microbes in the small 
intestine of sows than in growing pigs, explaining then the higher ileal digestibilities obtained, 
especially for the evaluated sugars (Stein et al., 1999a).  
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These results are similar to those obtained by Gdala (1997a) in a study feeding a lupin 
based diet to growing pigs. But disagree with Gdala (1997b) using a cereal composed mix plus 
SBM based diet fed to growing pigs. The results obtained in this study show a great potential for 
the utilization of enzyme products in CSBM based diets in lactating sows, which may help in 
achieving better energy nutrition in this physiologic state. Nevertheless, dose related results 
should be evaluated more in depth, especially during lactation.  
 
Table 8.1. Change in ileal digestibilities of control diet for DM, GE, ADF and NDF, for the first 
two experiments reported in this dissertation. 
 Perioda 
Ileal digestibilities EG LG G L G/L Changeb 
Exp 1      
DM, % 80.8 80.4 80.5 77.3 3.2 
GE, % 84.6 82.3 83.5 79.3 4.2 
ADF, % 60.5 52.8 56.8 37.3 19.5 
NDF, % 59.1 54.4 56.8 39.6 17.2 
Exp 2      
DM, % 75.7 75.6 75.5 74.2 1.3 
GE, % 80.1 79.4 79.6 78.1 1.5 
ADF, % 55.7 49.0 51.9 42.1 9.8 
NDF, % 45.6 42.4 43.6 31.0 12.6 
Exp 3      
DM, % 81.6 80.9 81.3 81.0c 0.3 
GE, % 84.3 84.1 84.2 83.8 c 0.4 
ADF, % 19.8 26.8 23.3 3.0 c 20.3 
NDF, % 9.2 8.6 8.9 16.1 c -7.2 
a  EG  early gestation, LG  late gestation, G  combined EG + LG, and L - lactation. 
b  Reduction in ileal digestibilities values between G and L. 
c  Average of 2 sows. 
 
General enzyme effects on the digestibility of the diets 
One hypotheses proposed by Bedford and Apajalahti (2001) on how exogenous enzymes 
produce their effects in animal performance and/or nutrient digestibilities is that exogenous cell 
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wall degrading enzymes have two types of activity by removing nutrients through digestion and 
by providing substrates for microbial fermentation. This has implications such as exogenous 
enzymes are supplemented to animal diets and increased ileal digestibilities are observed, 
implying less nutrient flow to terminal ileum and the large intestine microflora populations. The 
results obtained in the studies presented in this dissertation for increased lactation ileal 
digestibilities in response to enzyme supplementation may be supported by the authors 
hypothesis in the sense that, even with the increase in digestibilities, the ad libitum situation 
during lactation would not reduce the flow of nutrients to the hindgut because of the sudden 
increase in feed intake. Microbial mass and protein from bacterial sources were not measured 
neither in ileal digesta nor in fecal samples which could have confirmed this statement, with a 
probable increase in microbial population in fecal matter during lactation due to ad libitum 
feeding. 
Even when no statistical effects of the diet were observed, patterns on digestibility 
seemed to occur predominantly in lactation. For all periods in the three experiments reported in 
this dissertation (with the exception of protease supplemented diet in late gestation in Exp. 2), 
DM digestibilities for diets supplemented with the tested enzymes had higher values than the 
tested control diet. Nitrogen ileal digestibility had higher values for lactation period in Exp. 1 
and for all periods in Exp. 3. For all other periods, N ileal digestibility presented smaller values 
than for the tested control diet. Gross energy digestibility results had higher values for enzyme 
supplemented diets in lactation period for Exp. 1, early gestation and lactation for Exp. 2, with 
non-significant values larger by up to 2.7% for the α-galactosidase supplemented diet. In 
addition, in Exp. 3 non-significant values at least 1% higher ileal digestibility for GE in the 
supplemented diet. The changes in values for ADF and NDF were not as easily observed because 
these variables presented higher variation among means with a larger variation between sows. 
 
Effects of enzymes on RFO ileal digestibility 
There were no statistical differences detected in the data analysis probably due to the 
relatively low RFO content in conjunction with high individual variability. However, some 
patterns repeated across all the experiments, such as that stachyose ileal digestibilities were 
approaching 99% or higher values, confirming that stachyose was hydrolyzed primarily and, 
consequently a smaller ileal digestibility of raffinose resulted from that. Raffinose also 
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hydrolyzed at the same time as stachyose, but depending on dietary substrate concentration and 
presence of enzymes (exogenous or from the microbial population present in the gut) in the 
terminal ileum there was high variable ileal digestibilities (from 975.9 to 91.5%). Sucrose ileal 
digestibilities confirm the disaccharide was nearly consumed before the terminal ileum with the 
lowest value observed 98.9% of ileal digestibility. The remaining sugars evaluated in this study 
(glucose + galactose and fructose) were present in very small amounts in the evaluated diets and 
were expected to be completely absorbed by the terminal ileum. However, negative ileal 
digestibilities for glucose + galactose were obtained for all periods tested (ranging from 532.2 
to 23.6%), with one positive value for glucose + galactose ileal digestibility in early gestation 
for protease supplemented diet. The negative ileal digestibility results for glucose + galactose are 
probably the result of the digestion of starch (mainly from the corn present in the experimental 
diet). Additionally, low fructose ileal digestibilities observed are the result of sucrose breaking 
down to fructose and glucose + galactose, which also is consistent with the glucose + galactose 
negative values for ileal digestibility results. Glucose plus galactose concentrations, in especial, 
were extremely variable at all periods tested. 
The fact detection of fructose and glucose + galactose concentrations were not evaluated 
in Experiment 3 reduced one point of discussion on how the starch and dextrose could impact 
those sugars digestibilities in comparison to the previous experiments. Although no results were 
retrieved from chromatographs because the appropriate retention times were not matched, 
extremely high peaks were visualized in the chromatographs for the diets and freeze dried ileal 
digesta samples. Those could match for glucose + galactose as they were present less than two 
minute previous to the retention time expected for the referred monosaccharide. 
   
Discussion on power analysis 
Pre-experimental power calculations resulted in a planned power of 0.80 using an α level 
of 0.10 for detection of statistical differences, and an α of 0.15, then indicating a tendency for a 
response. The validity of calculating power after an experiment is concluded is a matter of debate 
and not recommended by Lenth (2001 and 2003ab) and Hoenig and Heisey (2001), but reporting 
statistical power (Peterman, 1990; Thomas and Juane, 1996; Thomas and Krebs, 1997) and post-
experimental (or retrospective) power analysis and when and how they should be conducted 
(Reed and Blaustein, 1997; Thomas, 1997; Thomas and Krebs, 1997) is advocated by some other 
   
 115
researchers. The results of power calculations performed on the data obtained in the experiments 
conducted revealed an actual power higher than 0.80 for some variables such as DM and N in 
Exp. 1 (actual data, Table 8.2). Higher variability in some variables (such as ADF) indicated that 
even with a higher α level or a larger number of observations it would be improbable to detect 
differences between means, unless an unmanageable number of animals was utilized in an 
experiment (hypothetical data on Tables 8.2 to 8.4). 
However, the variability between experimental units observed for variables such as ADF 
caused a reduction in the statistical power of those assessments (actual data Tables 8.2 to 8.4). 
However, hypothetical calculations on ADF data shows that for Enz 1, the sample size has to be 
increased to 288 to achieve a power of 80% recommended by Snedecor and Cochran (1989).  
 
Table 8.2. Examples of power calculations for lactation during Exp. 1, comparisons between 
Control and Enz 1. 
Variable n Stdev α a True [µ -µ0] b Power c 
Ileal digestibilities      
Actual data      
DM 9 0.78 0.10 4.36 .9999 
N 9 0.77 0.10 1.32 .9987 
ADF 9 4.56 0.10 0.67 .1276 
Hypothetical      
ADF 9 4.56 0.20 0.67 .2385 
ADF 288 4.56 0.10 0.67 .8003 
a  Significance level of the statistic test. 
b Actual values observed in the Experiment. 
c Probability of finding the difference between the means to be significant at the chosen α level. 
 
Enz 2 presented similar calculated power for DM and N, although ADF had a higher 
power it did not achieve the 80% recommended, which could be accomplished by either 
increasing the significance level to 0.20 (which is not acceptable in animal nutrition research) or 
increasing the sample size to 12, a value that could be accomplished if no problems related to 
cannulae or reproduction (artificially inseminated sows that did not get pregnant) had happen 
during the experiment. 
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Table 8.3. Examples of power calculations for lactation period during Exp. 1, comparisons 
between Control and Enz 2. 
Variable n Stdev α a True [µ -µ0] b Power c 
Ileal digestibilities      
Actual data      
DM 9 0.78 0.10 2.04 .9999 
N 9 0.77 0.10 3.13 .9999 
ADF 9 4.56 0.10 3.56 .6891 
Hypothetical      
ADF 9 4.56 0.20 3.56 .8253 
ADF 12 4.56 0.10 3.56 .8127 
a  Significance level of the statistic test. 
b Actual values observed in the Experiment. 
c Probability of finding the difference between the means to be significant at the chosen α level. 
 
Table 8.4. Examples of power calculations for lactation period during Exp. 2, comparisons 
between non enzyme and α-galactosidase supplemented diets. 
Variable n Stdev α a True [µ -µ0] b Power c 
Ileal digestibilities      
Actual data      
DM 8 1.46 0.10 1.63 .8828 
ADF 8 3.77 0.10 0.74 .1426 
Hypothetical      
ADF 8 3.77 0.20 0.74 .2595 
ADF 162 3.77 0.10 0.74 .8004 
a  Significance level of the statistic test. 
b Actual values observed in the Experiment. 
c Probability of finding the difference between the means to be significant at the chosen α level. 
 
 
Retrospective power calculations produced in data from Exp. 2, revealed that for ileal 
DM digestibility the probability of detecting a response if it exists was 88.28%, while the 
probability to detect differences in ADF results was 14.26%, which was extremely low. To 
increase this probability to an acceptable level, the sample size should be increased to 162, which 
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would not be possible with surgically modified animals because of cost and management of 
animals, sample collection, and sample processing and analysis. 
However, if the tests utilized in this dissertation consider that a negative effect of enzyme 
supplementation is not possible, then new analysis of the population should be considered and 
evaluation if this population is a normal population and should be considered in a two-sided test, 
or instead tested as a one-sided test, where the probabilities encountered for the variables tested 
in the experiments reported in this dissertation would be doubled as the P-values would be 
divided by two, and the observed data would be only in one side of the distribution. 
 
Opportunities for future research 
Further research should be conducted in the area of digestibility of nutrients in gestation 
and lactation physiological state in sows, as a restricted set of data is available in research papers 
about specific areas such as digestibilities of carbohydrates and their complete composition in 
practical CSBM diets in the US. Opportunities exist in research on diets composition for sows 
and how it impacts digestibility of nutrients. This is especially important during lactation where a 
desired higher feed intake sometimes can not be achieved with the available practical diets, and a 
greater digestibility of nutrients could cause a larger benefit in animal performance. Other 
considerations to be pointed would be approaching new experiments in this new area with a 
broader view, searching for results not only in the most obvious nutrients and their direct result 
(energy release) attached by the enzymes tested, but looking for other nutrients that might be 
affected by the enzyme action in the plant nondigestible (to nonruminants) structures, such as 
minerals and a more complete evaluation of dietary fiber digestion (including starch, a broader 
view on monosaccharides, and other compounds). 
Under the conditions the study was conducted and taking in account the discussion 
above, this type of study with adult animals needs more discussion on efficient strategies on 
control of microorganisms proliferation in the terminal ileum, or perhaps a new approach on 
cannula location, cranial in the ileum would be more appropriate to avoid digestion and/or 
fermentation occurring in the terminal ileum. However, characteristics of the GI tract motility 
may impair or impede the use of a cranial position to avoid obstructions or torsion caused by the 
cannula. 
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APPENDIX 1: DRY MATTER DETERMINATION 
 
Reference: 
Assay adapted from Association of Official Analytical Chemists, 1995. 
 
Objective: 
To force free water within the sample off by increasing internal temperature. 
 
Samples: 
Feed samples 
Ileal Digesta (freeze dried) 
Fecal matter (oven dried) 
 
Procedure: 
1. Grind samples in a coffee grinder to a fine texture. Set sample size to approximately 1 g. 
2. Place aluminum pans in a 105°C oven overnight (or at least for 4 hours). 
3. Remove aluminum pans from oven and place in a desiccator to cool. 
4. Weigh empty pans and record weight. 
5. Weigh sample into the aluminum pan and record weight. 
6. Dry samples overnight in a 105°C oven. 
7. Place samples in a desiccator to cool. 
8. Weigh cooled samples, record crucible plus dry sample weight. 
 
Calculations: 
% Dry Matter = (Aluminum pan + Dry Sample wt.) - Dry Aluminum pan wt  X 100%  
                                                             Sample wt. 
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APPENDIX 2: NITROGEN DETERMINATION 
 
Reference: 
Assay adapted from Association of Official Analytical Chemists, 1995. 
 
Objective: 
To determine N2 concentration on the gases collected from sample incineration. 
 
Samples: 
Feed samples 
Ileal Digesta (freeze dried) 
Fecal matter (oven dried) 
 
Procedure: 
1. Grind samples in a coffee grinder to a fine texture. Set sample size to approximately 0.5 g. 
2. Weigh ceramic boat. 
3. Tare and weigh at least four blanks and four EDTA Standards. 
4. Recalibrate LECO analyzer for nitrogen analysis using the results EDTA standards. 
5. Tare and weigh sample. 
6. Send sample weight to computer associated to the LECO Analyzer (Leco Corporation, Saint 
Joseph, MI, www.leco.com). 
7. Analyze and obtain recorded results for percentage of nitrogen. 
 
Calculations: 
 
Results obtained as % of nitrogen in the sample present in the ceramic boat. 
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APPENDIX 3: CHROMIUM DETERMINATION (FROM CHROMIC OXIDE) 
 
Reference: 
Assay was a modification of Williams et al. (1962). 
 
Objective: 
To determine the concentration of chromium from chromic oxide (Cr2O3) present in feeds, ileal 
digesta, and fecal matter samples for apparent digestibility calculations. 
 
Samples: 
Feed samples 
Ileal Digesta (freeze dried) 
Fecal matter (oven dried) 
 
Reagents: 
a) Acid Manganese Sulfate: add 2.27 g manganese sulfate (MnSO4.1H2O) to 970 ml of 85% 
phosphoric acid. 
b) Potassium Bromate Solution: add 45 g potassium bromate to 1 liter of distilled deionized 
(DD) water. 
c) Calcium Chloride Solution: add 14.65 g calcium chloride (CaCl.2H2O) to 1 liter of DD 
water. 
 
Procedure: 
1. Grind samples in a coffee grinder to a fine texture. Set sample size to approximately 0.45 g 
for ileal digesta and fecal matter, and about 0.75g for feeds. 
2. Tare ceramic crucibles. 
3. Weigh sample and record weight. 
4. Place crucibles with samples in furnace at 600°C overnight. 
5. Turn off furnace and allow it to cool. 
6. Remove crucibles. 
7. Add 3 ml of acid manganese sulfate and 4 ml of potassium bromate solution to the crucible. 
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8. Place samples on a hot plate and allow the temperature to increase slowly until simmering. 
Digestion should last at least 15 min or until samples change to amber color. 
9. Remove crucibles from plate and allow them to cool. 
10. Transfer samples quantitatively to a sample cup with 12.5 ml of calcium chloride solution. 
11. Dilute samples to 100 ml by weight, mix well, and allow the samples stand overnight before 
analysis. 
12. Transfer aliquots of the supernatant to 15 ml tubes for aspiration into an atomic absorption 
spectrophotometer (Solaar M-Series; Flame absorption spectrometer, flame type N2O/C2H2, 
Wavelength 428.9 nm, Thermo Electron Corporation, Waltham, MA). 
 
Calculations: 
   % Cr =    Cr, ppm x dilution factor 1a x dilution factor 2 b  X 0.0001 
sample wt, g 
a Dilution factor 1 in this procedure, it is the 100 ml. Total volume of final solution analyzed. 
b Used as 1 normally because the total volume of final solution generally fits in this standard 
curve, but whenever it was necessary to dilute a sample to fit in the standard curve, the dilution 
needed to fit into the standard curve is used in the calculations. 
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APPENDIX 4: GROSS ENERGY DETERMINATION 
 
Reference: 
Assay adapted from Association of Official Analytical Chemists, 1995. 
 
Objective: 
To measure heat of combustion in the samples tested. 
 
Samples: 
Feed samples 
Ileal Digesta (freeze dried) 
Fecal matter (oven dried) 
 
Equipment: 
Isoperibol bomb calorimeter Model 1261 (Parr Instrument Company, Moline, IL, 
www.thermo.com). 
 
Procedure: 
1. Grind samples in a coffee grinder to a fine texture. Set sample size to approximately 1 g. 
2. Weigh sample, record weight. 
3. Pellet samples and place pellet in metal crucible. 
4. Place crucible and metal wire in suspender to be inserted inside the adiabatic bomb. 
5. Securely close the adiabatic bomb and place it inside the jacket previously filled with water. 
6. Enter sample ID number and bomb ID number into the data recorder. 
7. Ignite. 
8. Record values for energy in cal/g, cal/sample, fuse combusted, and acid produced for future 
calculations.  
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Calculations: 
                                W x T   -   e1   -  e2     -  e3 
Hc, cal/g        =        
m 
Where: 
Hc = Gross heat of combustion 
T  = observed temperature rise 
W = Energy equivalent of the calorimeter being used  
e1  = heat produced by burning the nitrogen entrapped in the bomb in the form of nitric acid 
e2  = extra heat produced due to burning sulfur to sulfur trioxide and forming sulfuric acid 
instead of sulfur dioxide 
e3   = heat produced by the burning fuse wire. 
m = mass of the sample in grams.  
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APPENDIX 5: ADF AND NDF DETERMINATION 
 
Reference: 
Acid detergent fiber was performed by a modified assay based on Van Soest (1963) and neutral 
detergent fiber was performed by a modified assay based on Van Soest (1967). 
 
Objective: 
To measure plant components chemically digested by the acid and neutral detergent solutions. 
 
Samples: 
Feed samples 
Ileal Digesta (freeze dried) 
Fecal matter (oven dried) 
 
Reagents: 
Acid Detergent solution 
a) Add 20 g Cetyltrimethylammonium bromide (CTBA) to 1 L of 1.00 N H2SO4 previously 
standardized. 
b) Agitate and heat to dissolve.  
Neutral Detergent solution 
a) Weigh 18.6 g of EDTA (Na2EDTA.2H2O). 
b) Add to 200 ml of water. 
c) Add 6.8 g of sodium borate (Na2B4O7.10H2O). 
d) Separately dissolve 4.56 g of disodium hydrogen phosphate (Na3HPO4) in about 100 ml of 
water over heat. 
e) Add the dissolved components to a 1 L volumetric flask. 
f) Dissolve 30 g of sodium lauryl sulfate (about 400 ml of water) and add to the container. 
g) Triethylene glycol (about 10 ml) should be added as necessary to control the foaming. 
h) Complete volume to 1 L with distilled water and mix well. 
i) The following d, check pH. It should be between 6.9 and 7.1 and can be adjusted, if 
necessary, with NaOH or HCl. 
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Acetone, technical grade. 
Taka-Therm L-340 (Solvay Enzymes, Inc., Elkart, IN; 800-342-2097). Heat stable 
amylase used for high starch samples. Used for feed samples; for every load in the ANKOM 
fiber analyzer, 4 ml of the Taka-Therm L-340 is added to promote starch digestion. 
 
Procedure: 
Procedures for ADF or NDF using the ANKOM Fiber Analyzer 
1. Grind samples in a coffee grinder to a fine texture. Sample size set for this methodology was 
0.5 g (see observation note at the end of the determination). 
2. Label bags (F57 Filter Bags, ANKOM Technology, Macedon, NY, www.ankom.com). 
3. Weigh bags and record weights, add one extra bag for blank/run (every run must have at 
most 24 bags in the bag suspender). 
4. Tare bag and add approximate 0.5 g sample. 
5. Seal bags and spread sample inside the filter bags. 
6. Place bags in the bag suspender.  
7. Place bag suspender in the ANKOM Filter Analyzer. 
8. Add 2 L ADF or NDF solution, or 100 ml/bag for a minimum of 1.5 L. 
9. Turn agitate and heat switch ON (set to 100 °C) and check if bag suspender is agitating. 
10. Set timer for 60 minutes and press START button. 
11. Close/seal lid. 
12. After 60 min- Turn agitate and heat switch OFF. 
13. Open drain valve and exhaust hot solution before opening lid. 
14. Close valve open lid. 
15. Add 2 L of HOT water and lower lid (but do not tighten). 
16. Set heat at 95°C and turn agitate and heat switch ON. 
17. Rinse for 7 minutes. 
18. Exhaust water and repeat rinses 3 times or until water is at neutral pH (~ 7). 
19. Remove bags, press excess water, put in a beaker and cover with acetone, soaking for 3 
minutes.  
20. Remove and lightly press excess acetone. 
21. Allow acetone to evaporate and place bags with digested samples to dry at 105°C for 2 hours. 
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22. Place into desiccator, allow to cool and weigh. 
 
Calculations: 
 
ADF or NDF %, DM = (wt after extraction - (bag tare wt x blank bag correction) x 100 
                                                                   (sample wt x DM) 
 
Note: Sample size was increased from 0.5 g to 1 - 1.5 g with the objective of reducing variation 
in results. The increase of sample size lead to NDF results in diet samples that were not 
beliavable, presenting higher values for NDF than what was expected. In addition, the texture of 
the bags after analysis and drying in the 105°C oven was harder than the previous diet samples or 
ileal or fecal samples making to believe that there was some starch not digested in those bags. 
Alpha-amylase was not increased concomitant with the sample size increase for those analysis. 
When the volume of heat stable α-amylase was corrected for the sample size the results obtained 
were reduced and considered within the expected range for the feed formulations utilized. 
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APPENDIX 6: DETERMINATION FOR MONO-, DI-, AND OLIGOSACCHARIDES 
 
Reference: 
Assay adapted from Molnár-Perl and Pintér-Szakács  (1984) and Bach Knudsen and Li (1991). 
 
Objective: 
To determine the contents of mono-, di-, and oligosaccharides of interest in feedstuffs, feed, ileal 
digesta and fecal matter samples. 
 
Samples: 
Feed samples 
Ileal Digesta (freeze dried) 
Fecal matter (oven dried) 
 
Procedure: 
Grind samples in a coffee grinder to a fine texture. Set sample size to approximately 1 g for ileal 
digesta and fecal matter and from 1.5 to 2 g for feedstuffs and feed samples. 
Extraction: 
1. In a glass test tube (15 ml) with plastic screw cap, add 10 ml of 50/50 (v/v) ethanol. 
2. Weigh sample and add to the glass tube. 
3. Mix well.  
4. Put test tubes with ethanol and samples mixed in shaker bath at 35-40ºC for 30 minutes. 
5. Place tubes for 10 minutes in an ultrasound bath. 
6. After remixing samples return tubes to the shaker bath for additional 30 minutes. 
7. Centrifuge at 2000 rpm for 15 minutes at 15-20ºC (Sorvall RT 6000B Refrigerated centrifuge 
DuPont). 
8. Extract aliquot of 1 ml (1000 µl) to be dried completely at 60ºC in a speed-vac concentrator 
for about 3-4 hours. After dried, samples can be stored in a freezer for several months. 
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Methodology settings used 
Equipment:  Gas Chromatograph Hewlett Packard 5890 Series 2 with autosampler. 
Column  Stainless steel column 50 cm x 3 mm I.D. packed with 3% SP-2250 Supelcoport 
80/100 (Supelco, Bellefonte, PA) (customized according to Molnár-Perl and Pintér-Szakács , 
1984). 
Injection port temperature  400ºC. 
Detector FID temperature  430ºC. 
Oven temperature  ramp starting at 80ºC raising up to 350ºC at 11ºC /minute, hold 1 minute at 
350ºC (total time 25:55 minutes). 
N2 flow  about 34 ml/minute. 
Conditioning the column 
1. Flow N2 through column installed in the injector inlet and with the detector inlet end not 
connected in high flow for about 30 minutes (about 20 ml/minute flow) at ambient 
temperature. 
2. Leave at 50ºC for 1 hour. 
3. Raise temperature to the highest temperature to be used (350ºC) for 11 hours (overnight, 
using programming). 
Derivatization of standards and samples to trimethylsilyl (Me3Si) compounds 
Prepare pyridine reagent.  
 25 mg/ml of Hydroxylamine Hydrochloride 
 1mg/ml phenyl ßD glucopyranoside (Internal Standard). 
In 100 ml of Pyridine reagent add 2.5 g Hydroxylamine Hydrochloride and 0.1 g Phenyl ß D 
Glucopyranoside (I.S.) 
Procedure: 
1. Add 20 µl of Dimethyl Sulfoxide (DMSO) to the dried sample/standard, then set in a water 
bath at 75°C for 10 minutes. Then cool at room temperature. 
2. Add 0.5 ml (500 µl) of Pyridine reagent and mix vigorously. 
3. Heat at 75°C for 30 minutes, sonicate (ultrasonic bath) for 6 minutes, heat for 30 more 
minutes at 75°C. Then cool at room temperature. 
4. Add 1 ml (1000 µl) of Hexamethyldisilazane (HMDS). Add 0.1 ml (100 µl) of 
Trifluoroacetic acid. Mix. Heat at 75°C for 20 minutes. 
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5. Centrifuge at 2000 rpm for 15 minutes (Eppendorf Centrifuge 5417C, Sorvall RC-5B 
Refrigerated Superspeed Centrifuge). 
6. Extract aliquot of 1 ml (1000 µl) for analysis to a GC vial and close it. Samples can be stored 
in a freezer and are stable for about 3-4 days.  
 
Calculations:  
                                             As  Rs  WIs  
Sugars, % of dry matter =     X 100             
                                                   AIs RIs  Ws 
 
Where:  
As  =  peak area for sugar. 
Rs  =  response factor or amount/area for sugar. 
WIs =  dry weight of sample in grams. 
AIs =  peak area for internal standard. 
RIs =  response factor or amount/area for internal standard. 
Ws = dry weight of internal standard in grams. 
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APPENDIX 7: ILEAL CANNULATION - SURGICAL PROCEDURES 
 
Reference: 
Technical note by Stein et al. (1998). 
 
Objective: 
To provide a technique for cannulating pregnant sows at the terminal ileum, and their practical 
use in digestibility studies. 
 
Cannulae: 
Simple T-cannulae made from type 304 stainless steel. Shape and size built according to picture 
3.1 (Chapter 3).  
 
Animals: 
Mature swine females. 
 
Drugs: 
1. Ketamine HCl (Ketaset®; Fort Dodge Laboratories, Fort Dodge, IA). 
2. Tiletamine HCl and Zolazepam HCl in equal parts (Telazol®; Fort Dodge Laboratories, Fort 
Dodge, IA). 
3. Buprenorphine HCl (Buprenex®; Reckitt & Colman Pharmaceuticals Inc., Richmond, VA). 
4. Halothane (Fluothane). 
5. Cetiofur HCl in a sterile suspension (Excenel®; Pharmacia & Upjohn Company; Kalamazoo, 
MI). 
6. Nitrofurazone ointment (Sanofi Animal Health, Overland Park, KS). 
 
Procedure: 
1. After a fasting of at least 30 hours, the animal is injected i.m. with a drug combination of 2.2 
mg/kg BW of Ketamine HCl and 4.4 mg/kg BW of Tiletamine HCl and Zolazepam HCl in 
equal parts in the trapezius muscle in the neck. 
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2. After the animal is sedated (achieved when the animal does not react to touch anymore), 
moved to surgical room and inducted into anesthesia with halothane, clip hair on the right 
abdomen side an area about 40 x 40 cm, close to the hind leg. 
3. Disinfection: Septic - sanitize the area with 3 scrubs of chlorhexidine soap and water. Aseptic 
- Disinfect 3 times with iodine solution. 
4. Cover the animal with surgical cloth, secure it. 
5. Make a dorso-ventral incision 16 to 20 cm long on the right side of the abdomen.  
6. Identify small intestine and cecum.  
7. Select the location for cannula insertion (between the cecum and the terminal ileum about 15-
20 cm before the ileo-cecal valve), accommodate the portion of ileum in a surgical towel 
soaked in saline, make a small incision (long enough to introduce the flange of the cannula). 
8. Introduce the cannula, start suture with invaginating type of suture with synthetic absorbable 
thread # 0 (like "opening of a bag"). Fill the barrel of the cannula with sterile gauze. 
9. About 5 cm dorsal to the first skin incision, make a puncture hole through all the tissues to 
the peritoneum. 
10. Exteriorize the cannula through the puncture hole. Fit any skin that is not tight around the 
barrel. 
11. Check for ruptures in the peritoneum around the flange of the cannula. 
12. Start incision suturing with peritoneum plus first layer of muscle, using isolated "X" type of 
suture.  
13. Suture second layer of muscles plus some subcutaneous tissues.  
14. All muscle sutures made with natural absorbable threads such as chromic gut # 1.  
15. Finally suture skin with simple isolated type of suture with nonabsorbable thread # 1 (nylon).  
16. Place antibacterial ointment over the surgical wound. 
17. Animal must stay in post-surgical observation for at least 12 hours to observe body 
temperature change, secretions or any problem related to surgery itself or anesthetic reaction. 
18. Normal time to recover varies between 6 to 14 hours. The better the nutritional condition, the 
higher the probability the animal takes longer to recover due to accumulation of compounds 
in adipose tissue. 
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APPENDIX 8: OBSERVATIONS AND ISSUES RELATED TO SURGICAL 
PROCEDURES 
One case of hyperthermia was observed after about 5 to 6 hours following surgery with 
observed symptoms consistent with malignant hyperthermia as described in Merck (2000). This 
animal was kept in the recovery room and placed with cold wet cloths until the temperature 
decreased to normal. No subsequent adverse effects were noted in this animal. 
Constraints about working with cannulated 
sows proved to be challenging. Maintaining 
cannulae in proper conditions and preventing loss 
of cannulae due to diverse causes (rejection, 
excessive pressure from sows over the cannula, 
rubbing cannulae against side walls, rusting of 
cannula material) was a major concern during the 
period sows were kept in experimental condition. 
At first, it was observed that the material used for 
the barrel of the cannula was not complying with 
what was presented in Stein et al. (1998). As shown 
in Figure 1 rusting of the barrel at the time of the 
surgery was already evident. While this did not impact animal health and well being, as a 
consequence several animals were taken out of experimental groups over time due to damaged or 
lost cannulae, reducing the number of observations available for later statistical analysis. 
Opening and cleaning of cannulae had to be conducted every day to assure the cannulae would 
be in proper condition for collections; this became difficult because the barrel threads were 
compromised by the rusting, causing poor fit of the PVC cap for the barrel.  
Within several wk on the Experiment 1, some rusting of the barrel was observed and 
reported. Some cannulae started losing the tightness of the cap fitting and loosing the cap 
eventually as the animals rubbed the cannulae against the sidewall in their pens. One sow 
rejected the cannula (Figures 2 through 13), progressively expelling it from the surgical site until 
it spontaneously dropped to the floor. At the end of the second gestation period, several sows had 
lost their cannulae, either by rejecting the material, or by pushing the cannula into the GI tract 
after loosing the cap and the washers when there were no threads remaining to allow the 
Figure 1. Rusting cannula barrel at 
surgery. 
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cannulae to be held in place. These cannulae were recovered in the feces and the cannula site was 
healed in about 7 d. 
 
 
 
 
 
2 3
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Two sows completed five gestation/lactation periods, their cannulae barely held the PVC 
cap or any of the washers. A few cannulae developed holes in the barrel from corrosion of the 
material (Figures 14 and 15). The flange of cannulae was intact and in perfect conditions as 
shown in Figure 16. It was obvious that the barrel was not from the same material used in the 
flange of the cannula. 
Figures 2 through 13. Rejection process in one sow. It started at 18 weeks after surgery and it was 
concluded at 20-21 weeks after surgery. (2) Sow at wk 12 of pregnancy. It was already showing 
slow flow of digesta from the cannula. (3) After 12 ds from the previous figure. (4) Same d from the 
previous figure. (5) After 2 ds from the previous figure. (6) After 4 ds from the previous figure. (7) 
After 2 ds from the previous figure. (8) Same d from the previous figure. (9) After 2 ds from the 
previous figure. (10) Same d from the previous figure. (11) After 2 ds from the previous figure. (12) 
Same day from the previous figure. (13) figure of the cannula with all the parts to show how much 
the cannula "migrated" from the original position until "expelled".  
12 13
1110
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14 15
Figures 14 and 15. Cannulae worn out due to reaction with animal tissues and ileal digesta. It can be 
observed that the flange is in perfect conditions, shown no signs of the same type of reaction that 
occurred in the barrel. In Figure 14 a cannula broken during the last lactation period in the top of the 
barrel can be seen. The sow eliminated the cannula through the feces after 1½ d. 
Figures 16. Different thickness of the cannulae barrels after the end of the experiments. The flanges 
are in the same condition as they were in the beginning of the experiments, before surgeries.  
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APPENDIX 9: COMPLEMENTARY DATA TO EXPERIMENT 1. 
 
 
LSMeans for apparent ileal digestibilities (%) for the total experimental period. 
Perioda Early Gestation  Late Gestation  Lactation P- valuesg 
Item        Dietb: Control Enz 1 Enz 2 Control Enz 1 Enz 2 Control Enz 1 Enz 2 RMSEc Period (F) Coll(F) Diet Diet X P Enz 1 Enz 2 
    n 
5 6 5 6 5 5 4 5 5  
      
DM 80.8 79.2 80.1 80.4 79.6 79.7 77.3 79.3 81.7 1.82 0.66 0.62 0.20 0.03 0.88 0.14 
N 81.2 78.7 79.5 81.1 80.1 79.1 81.2 82.5 84.3 2.22 0.01 0.81 0.64 0.09 0.37 0.81 
GE 84.6 83.0 83.9 82.3 81.8 81.5 79.5 81.5 83.8 1.75 0.01 0.57 0.22 0.02 0.92 0.15 
ADF 60.5 60.1 62.4 52.8 50.1 48.0 37.3 36.5 42.3 8.22 0.01 0.01 0.79 0.72 0.67 0.81 
NDF 59.1 57.4 61.0 54.4 51.8 55.9 39.6 45.8 47.5 6.49 0.01 0.74 0.26 0.60 0.80 0.13 
Fructose 71.0 74.2 65.8 81.9 75.9 92.9 92.5 90.7 95.8 15.60 0.01 0.03 0.71 0.47 0.79 0.60 
Gluc + Gald -444.5 -378.8 -532.2 -111.5 -211.9 -23.7 -488.4 -376.6 -23.6 235.32 0.01 0.21 0.17 0.07 0.76 0.08 
Sucrose 99.8 99.7 99.7 99.9 99.6 99.9 99.8 99.8 99.9 - 0.01 0.01 0.09 0.14 0.05 0.20 
Raffinose 52.5 10.8 -10.7 66.5 11.7 75.2 91.4 87.2 59.7 65.73 0.05 0.10 0.33 0.47 0.16 0.25 
Stachyose 100.0 100.0 99.8 100.0 99.9 100.0 100.0 100.0 100.0 - 0.99 0.04 0.99 0.26 0.99 0.99 
Raff + Stache 93.3 87.5 84.3 97.5 93.2 98.1 99.5 99.2 97.5 7.78 0.01 0.07 0.39 0.59 0.22 0.24 
Total Sugarsf 80.9 81.8 76.2 87.7 81.2 92.9 68.9 74.6 92.7 11.16 0.08 0.29 0.09 0.05 0.99 0.06 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; lactation  wk 2 and 3. 
b Treatment diets: Control  CSBM diet; Vegpro - control plus 0.1% Allzyme VegPro®; Fibrozyme - control plus 0.1% Fibrozyme®. 
c Root Square Mean Error.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose and stachyose, which were analyzed with Logit Ordinal Multinomial Model from SAS; 
Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the control diet. 
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APPENDIX 9: CONTINUED. 
 
 
LSMeans for total tract digestibilities (%) for the total experimental period. 
Perioda Early Gestation  Late Gestation  Lactation P- valuesg 
Item        Dietb: Control Enz 1 Enz 2 Control Enz 1 Enz 2 Control Enz 1 Enz 2 RMSEc Period (F) Coll(F) Diet Diet X P Enz 1 Enz 2 
    n 
5 6 5 6 5 5 4 5 5  
      
DM 89.3 89.4 89.2 89.3 89.1 89.7 89.8 90.7 90.8 0.83 0.01 0.76 0.43 0.50 0.40 0.20 
N 87.4 88.0 87.5 88.0 87.7 87.7 89.0 90.0 90.6 1.31 0.01 0.30 0.57 0.51 0.37 0.35 
GE 91.2 91.3 91.2 90.9 90.8 91.1 90.7 91.4 92.0 0.75 0.22 0.23 0.26 0.38 0.46 0.11 
ADF 80.6 77.5 71.3 75.3 76.9 74.7 75.0 66.0 77.8 10.96 0.23 0.62 0.50 0.68 0.39 0.81 
NDF 75.5 77.2 76.8 76.2 76.4 76.9 71.1 75.0 74.1 3.83 0.05 0.59 0.34 0.86 0.17 0.26 
Fructose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Gluc + Gald 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Raffinose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Raff + Stache 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Total Sugarsf 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; lactation  wk 2 and 3. 
b Treatment diets: Control  CSBM diet; Vegpro - control plus 0.1% Allzyme VegPro®; Fibrozyme - control plus 0.1% Fibrozyme®. 
c Root Square Mean Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS; Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the control diet. 
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APPENDIX 9: CONTINUED. 
 
 
LSMeans for apparent ileal digestibilities (%) during gestation and lactation. 
Perioda Gestation  Lactation  Combined P- valuesg 
Item        Dietb: Control Enz 1 Enz 2 Control Enz 1 Enz 2 Control Enz 1 Enz 2 RMSEc Period (F) Coll(F) Diet Diet X P Enz 1 Enz 2 
    n 11 11 10 4 5 5 15 16 15        
DM 80.5 79.4 79.9 77.3 79.3 81.6 78.9 79.4 80.8 1.78 0.37 0.74 0.03 0.01 0.54 0.01 
N 81.1 79.4 79.3 81.2 82.5 84.3 81.2 81.0 81.8 2.19 0.01 0.87 0.60 0.03 0.82 0.47 
GE 83.5 82.4 82.7 79.5 81.5 83.8 81.5 81.9 83.3 1.72 0.03 0.03 0.03 0.01 0.50 0.01 
ADF 56.8 55.1 55.2 37.3 36.5 42.3 47.0 45.8 48.7 8.09 0.01 0.01 0.65 0.54 0.71 0.60 
NDF 56.8 54.6 58.4 39.6 45.8 47.5 48.2 50.2 52.9 6.32 0.01 0.18 0.19 0.24 0.43 0.07 
Fructose 76.3 75.0 79.4 92.5 90.7 95.8 84.4 82.9 87.6 15.94 0.01 0.01 0.74 0.99 0.81 0.62 
Gluc + Gald -278.1 -295.3 -277.9 -488.4 -376.6 -23.6 -383.3 -335.9 -150.7 238.04 0.87 0.01 0.04 0.05 0.62 0.02 
Sucrose 99.9 99.6 99.8 99.8 99.8 99.9 99.8 99.7 99.8 - 0.57 0.01 0.41 0.16 0.35 0.73 
Raffinose 58.5 11.2 32.3 91.4 87.2 59.7 75.0 49.2 46.0 66.20 0.04 0.13 0.50 0.89 0.33 0.28 
Stachyose 99.9 99.9 99.9 100.0 100.0 99.9 99.9 99.9 99.9 - 0.97 0.04 0.99 0.99 0.99 0.99 
Raff + Stache 95.2 90.3 91.2 99.5 99.2 97.5 97.3 94.8 94.4 7.80 0.01 0.45 0.60 0.82 0.41 0.35 
Total Sugarsf 84.2 81.5 84.6 68.9 74.6 92.7 76.6 78.1 88.7 11.35 0.21 0.01 0.02 0.76 0.74 0.01 
a Collection periods: Gestation - wk 6 and 7 plus wk 12 and 13; Lactation  wk 2 and 3. 
b Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro® (V); Enz 2 - control plus 0.1% Fibrozyme® (F). 
c Root Mean Square Error.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose and stachyose, which were analyzed with Logit Ordinal Multinomial Model from SAS; 
Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the control diet. 
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APPENDIX 9: CONTINUED. 
 
 
LSMeans for total tract digestibilities (%) during gestation and lactation. 
Perioda Gestation  Lactation  Combined P- valuesg 
Item        Dietb: Control Enz 1 Enz 2 Control Enz 1 Enz 2 Control Enz 1 Enz 2 RMSEc Period (F) Coll(F) Diet Diet X P Enz 1 Enz 2 
    n 11 11 10 4 5 5 15 16 15        
DM 89.3 89.2 89.4 89.8 90.7 90.8 89.6 90.0 90.1 0.83 0.01 0.87 0.24 0.32 0.22 0.13 
N 87.7 87.9 87.6 89.0 90.0 90.6 88.4 88.9 89.1 1.29 0.01 0.39 0.36 0.26 0.29 0.17 
GE 91.1 91.0 91.1 90.7 91.4 92.0 90.9 91.2 91.5 0.73 0.21 0.19 0.10 0.14 0.26 0.03 
ADF 77.9 77.2 78.0 74.9 66.0 77.8 76.4 71.6 77.9 10.72 0.17 0.58 0.30 0.39 0.27 0.74 
NDF 75.9 76.8 76.8 71.1 75.0 74.1 73.5 75.9 75.5 3.74 0.01 0.73 0.24 0.58 0.11 0.20 
Fructose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Gluc + Gald 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Raffinose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Raff + Stache 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
Total Sugarsf 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - - 
a Collection periods: Gestation - wk 6 and 7 plus wk 12 and 13; Lactation  wk 2 and 3. 
b Treatment diets: Control - CSBM diet; Enz 1 - control plus 0.1% Allzyme VegPro® (V); Enz 2 - control plus 0.1% Fibrozyme® (F). 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS; Enz 1 and Enz 2 p-values referred to single degree of freedom contrasts against the control diet. 
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APPENDIX 10: COMPLEMENTARY DATA TO EXPERIMENT 2. 
 
LSMeans for apparent ileal digestibilities (%) for the total experimental period. 
             Perioda Early Gestation  Late Gestation  Lactation P- valuesg 
Item       Dietb C P A AP C P A AP C P A AP RMSEc Period (F) Coll(F) A P A X P 
   n 2 4 2 3 4 4 4 4 4 4 4 4       
DM 75.7 77.3 78.9 76.1 75.6 74.2 76.1 78.1 74.2 75.9 75.8 75.5 3.2 0.45 0.43 0.23 0.88 0.64 
N 78.6 77.7 78.9 77.0 77.6 75.9 77.5 79.1 79.1 79.3 78.5 78.1 3.0 0.54 0.69 0.87 0.61 0.79 
GE 80.1 81.9 82.7 80.4 79.4 77.9 80.5 72.1 78.1 79.3 78.9 78.5 3.1 0.12 0.51 0.30 0.92 0.68 
ADF 55.7 52.9 73.7 45.8 49.0 49.0 54.5 60.3 42.1 44.0 42.8 39.5 8.8 0.01 0.40 0.82 0.72 0.79 
NDF 45.6 49.1 46.6 37.7 42.4 38.2 43.8 50.8 31.0 30.0 31.6 27.4 11.3 0.01 0.60 0.95 0.72 0.84 
Fructose 37.5 86.8 78.9 89.7 -63.7 -32.7 -51.3 5.0 64.3 56.8 74.8 78.1 99.8 0.01 0.10 0.52 0.47 0.99 
Gluc + Gald -473.1 52.0 -51.5 -40.7 -110.2 -395.6 -221.3 -206.4 -197.0 -404.3 -78.3 -209.7 288.6 0.64 0.82 0.21 0.90 0.81 
Sucrose 99.9 100.0 99.9 99.9 99.5 99.9 99.8 99.9 99.6 99.7 99.7 99.6 - 0.05 0.56 0.48 0.78 0.74 
Raffinose 11.3 91.5 42.2 12.3 -143.3 5.8 29.3 -72.9 79.4 74.7 91.9 77.7 88.9 0.03 0.10 0.73 0.66 0.04 
Stachyose 100.0 100.0 100.0 100.0 99.6 99.0 99.9 99.9 100.0 100.0 99.9 99.8 - 0.81 0.03 0.98 0.98 0.98 
Raff + Stache 93.2 99.3 95.6 93.2 83.4 92.7 95.2 88.3 99.1 98.3 99.4 98.3 5.9 0.01 0.07 0.73 0.70 0.04 
Total Sugarsf 76.1 97.9 92.6 92.3 82.2 73.8 82.0 81.0 86.1 76.8 91.5 85.5 13.6 0.22 0.72 0.23 0.91 0.67 
a Early gestation - wk 6; late gestation - wk 12 and 13; lactation - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-galactosidase 0% + Protease 0.1% (P), and 
α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Square Mean Error.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose and stachyose, which were analyzed with Logit Ordinal Multinomial Model from SAS. 
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APPENDIX 10: CONTINUED. 
 
LSMeans for total tract digestibilities (%) for the total experimental period. 
           Perioda Early Gestation  Late Gestation  Lactation P- valuesg 
Item       Dietb C P A AP C P A AP C P A AP RMSEc Period (F) Coll(F) A P A X P 
   N 2 4 2 3 4 4 4 4 4 4 4 4       
DM 89.6 89.2 90.1 89.6 88.5 89.6 88.3 88.7 88.4 87.4 89.6 89.7 1.56 0.36 0.01 0.30 0.94 0.94 
N 89.7 88.9 89.8 90.0 87.8 89.0 88.3 88.5 87.8 87.8 89.6 90.2 1.88 0.34 0.01 0.14 0.73 0.85 
GE 91.8 91.5 92.2 91.9 90.4 91.6 90.4 91.0 89.9 89.5 91.1 91.2 1.34 0.05 0.01 0.25 0.72 0.92 
ADF 83.1 81.4 81.2 82.4 84.4 85.7 82.8 83.2 76.0 77.4 76.5 80.2 4.74 0.01 0.30 0.85 0.50 0.64 
NDF 79.5 74.6 78.1 78.8 74.4 76.8 73.8 74.9 68.2 66.9 71.0 72.5 5.36 0.01 0.35 0.41 0.97 0.49 
Fructose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.0 - 0.99 0.49 0.96 0.96 0.99 
Gluc + Gald 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Raffinose 100.0 100.0 100.0 96.0 100.0 100.0 99.8 100.0 100.0 100.0 99.9 100.0 - 0.50 0.98 0.98 0.98 0.98 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Raff + Stache 100.0 100.0 100.0 99.7 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - 0.99 0.98 0.90 0.98 0.98 
Total Sugarsf 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
a Early gestation - wk 6; late gestation - wk 12 and 13; lactation - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-galactosidase 0% + Protease 0.1% (P), and 
α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Square Mean Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except fructose, raffinose and raff + stach, which were analyzed with Logit Ordinal Multinomial Model 
from SAS. 
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APPENDIX 10: CONTINUED. 
 
 
LSMeans for apparent ileal digestibilities (%) for gestation versus lactation periods. 
              Perioda Gestation  Lactation  P- valuesg 
Item          Dietb C P A AP C P A AP RMSEc Period (F) Coll(F) A P A X P 
   n 6 8 6 7 4 4 4 4       
DM 75.5 75.4 77.3 77.2 74.2 75.9 75.8 75.5 3.16 0.35 0.49 0.25 0.79 0.63 
N 77.9 76.6 78.1 78.1 79.1 79.3 78.5 78.1 2.93 0.29 0.81 1.00 0.69 0.86 
GE 79.6 79.5 81.4 81.2 78.1 79.3 78.9 78.5 3.06 0.09 0.49 0.37 0.87 0.71 
ADF 51.9 50.7 54.5 54.3 42.1 44.0 42.8 39.5 9.13 0.01 0.56 0.84 0.82 0.72 
NDF 43.6 42.6 45.2 45.2 31.1 30.0 31.6 27.4 11.38 0.01 0.75 0.89 0.67 0.88 
Fructose -30.7 7.9 -4.5 30.9 64.3 56.8 74.8 78.1 95.05 0.04 0.01 0.52 0.58 0.95 
Gluc + Gald -268.1 -219.7 -156.2 -146.7 -196.9 -404.3 -78.3 -209.7 297.68 0.80 0.68 0.21 0.47 0.92 
Sucrose 99.6 99.9 99.9 99.9 99.6 99.7 99.7 99.6 - 0.05 0.56 0.48 0.78 0.74 
Raffinose -86.1 34.7 23.2 -43.6 79.4 74.7 91.9 77.7 87.27 0.002 0.04 0.69 0.76 0.10 
Stachyose 99.7 99.4 99.9 99.9 100.0 100.0 99.9 99.8 - 0.81 0.03 0.98 0.98 0.98 
Raff + Stache 87.0 95.1 94.6 90.0 99.1 98.3 99.4 98.3 5.86 0.001 0.04 0.71 0.83 0.10 
Total Sugarsf 78.9 82.9 85.6 84.9 86.1 76.8 91.5 85.5 13.62 0.67 0.67 0.21 0.50 0.93 
a Gestation period - 6, 12 and 13 wk; lactation period - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-galactosidase 0% + Protease 0.1% (P), and 
α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Square Mean Error.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose and raffinose, which were analyzed with Logit Ordinal Multinomial Model from SAS. 
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APPENDIX 10: CONTINUED. 
 
LSMeans for total tract digestibilities (%) for gestation versus lactation periods 
              Perioda Gestation  Lactation  P- valuesg 
Item          Dietb C P A AP C P A AP RMSEc Period (F) Coll(F) A P A X P 
   N 6 8 6 7 4 4 4 4       
DM 88.9 89.4 89.0 89.0 88.4 87.4 89.6 89.7 1.53 0.55 0.01 0.11 0.84 0.81 
N 88.5 88.9 88.9 89.0 87.8 87.6 89.5 90.2 1.81 0.95 0.01 0.05 0.66 0.81 
GE 90.9 91.5 91.1 91.3 89.9 89.5 91.1 91.2 1.31 0.09 0.01 0.10 0.78 0.98 
ADF 84.0 84.1 82.3 83.0 76.0 77.4 76.5 80.2 4.53 0.01 0.31 0.93 0.32 0.62 
NDF 76.3 75.7 75.4 76.3 68.2 66.9 71.0 72.5 5.22 0.01 0.26 0.24 0.94 0.52 
Fructose 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.0 - 0.99 0.49 0.96 0.96 0.99 
Gluc + Gald 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Raffinose 100.0 100.0 100.0 98.4 100.0 99.9 100.0 100.0 - 0.50 0.98 0.98 0.99 0.98 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Raff + Stache 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
Total Sugarsf 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - - 
a Gestation period - 6, 12 and 13 wk; lactation period - wk 2 and 3. 
b Dietary treatments: Alphagalactosidase 0% + Protease 0% (control - C), α-galactosidase 0.1% + Protease 0% (A), α-galactosidase 0% + Protease 0.1% (P), and 
α-galactosidase 0.1% + Protease 0.1% (AP). 
c Root Square Mean Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Glucose + galactose. 
e Raffinose + stachyose. 
f Fructose + glucose + galactose + sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except fructose and raffinose, which were analyzed with Logit Ordinal Multinomial Model from SAS. 
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APPENDIX 11: COMPLEMENTARY DATA TO EXPERIMENT 3. 
 
 
LSMeans for apparent ileal digestibilities (%) for the total experimental period. 
Perioda Early Gestation Late Gestation  Lactation P- valuesg 
Item         Dietb: Control Enz 1 Control Enz 1 Control Enz 1 RMSEc Period (F) Coll(F) Diet Diet X P
   n 5 5 5 5 3 2      
DM 81.6 82.6 80.9 82.7 81.0 83.2 2.05 0.94 0.22 0.08 0.86 
N 79.5 81.0 80.4 83.5 78.9 81.5 2.68 0.31 0.01 0.05 0.81 
GE 84.3 85.3 84.1 85.4 83.8 85.0 1.56 0.91 0.11 0.10 0.97 
ADF 19.8 17.7 26.8 25.9 3.0 21.6 17.33 0.34 0.62 0.50 0.54 
NDF 9.2 11.5 8.6 12.4 16.1 28.1 12.41 0.22 0.17 0.28 0.78 
Sucrose 99.6 99.2 99.1 99.1 98.9 98.9 - 0.25 0.20 0.19 0.29 
Raffinose 21.9 8.9 -397.1 -159.1 -132.0 -975.9 310.37 0.01 0.14 0.14 0.02 
Stachyose 99.1 97.6 7.4 32.4 41.1 -304.8 74.94 0.01 0.42 0.01 0.01 
Raff + Stachd 95.6 93.6 -8.1 25.0 34.3 -331.2 82.34 0.01 0.39 0.01 0.01 
Total Sugarse  81.1 72.3 38.8 51.7 64.9 -70.1 36.07 0.01 0.44 0.01 0.01 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; lactation  wk 2 and 3. 
b Treatment diets: Control  CSBM diet; Vegpro - control plus 0.1% Allzyme VegPro®. 
c Root Square Mean Error.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose, which was analyzed with Logit Ordinal Multinomial Model from SAS. 
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APPENDIX 11: CONTINUED. 
 
 
LSMeans for total tract digestibilities (%) for the total experimental period. 
Perioda Early Gestation Late Gestation  Lactation P- valuesg 
Item         Dietb: Control Enz 1 Control Enz 1 Control Enz 1 RMSEc Period (F) Coll(F) Diet Diet X P
   n 5 5 5 5 3 2      
DM 91.7 92.0 92.0 92.0 92.3 91.3 1.05 0.95 0.15 0.61 0.56 
N 89.8 90.3 90.3 90.9 91.0 89.7 1.30 0.68 0.47 0.94 0.37 
GE 93.4 93.8 93.6 93.7 93.8 92.6 0.94 0.68 0.21 0.61 0.33 
ADF 80.4 79.1 82.1 86.4 72.0 73.0 6.92 0.03 0.35 0.66 0.69 
NDF 74.3 70.1 78.1 73.8 70.8 75.1 6.91 0.48 0.36 0.64 0.51 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Raffinose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Raff + Stachd 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Total Sugarse  100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; lactation  wk 2 and 3. 
b Treatment diets: Control  CSBM diet; Vegpro - control plus 0.1% Allzyme VegPro®. 
c Root Square Mean Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS. 
 
 
 
   
  
146
APPENDIX 11: CONTINUED. 
 
 
LSMeans for apparent ileal digestibilities (%) comparing gestation against lactation. 
Perioda Gestation Lactation  Combined P- valuesg 
Item         Dietb: Control Enz 1 Control Enz 1 Control Enz 1 RMSEc Period (F) Coll(F) Diet Diet X P
   N 10 10 3 2 13 12     
DM 81.3 82.7 81.0 83.2 81.1 82.9 2.00 0.93 0.27 0.10 0.70 
N 80.0 82.3 78.9 81.5 79.4 81.9 2.63 0.50 0.01 0.09 0.91 
GE 84.2 85.4 83.8 85.0 84.0 85.2 1.51 0.66 0.14 0.19 0.97 
ADF 23.3 21.8 3.0 21.6 13.1 21.7 16.81 0.25 0.56 0.34 0.26 
NDF 8.9 12.0 16.1 28.1 12.5 20.0 12.04 0.08 0.22 0.24 0.48 
Sucrose 99.3 99.2 98.9 98.9 99.1 99.0 - 0.26 0.20 0.19 0.30 
Raffinose -187.6 -75.1 -132.0 -975.9 -159.8 -525.5 308.40 0.02 0.07 0.03 0.01 
Stachyose 53.2 65.0 41.1 -304.8 47.2 -119.9 73.04 0.01 0.11 0.01 0.01 
Raff + Stachd 43.7 59.3 34.3 -331.2 39.0 -135.9 80.43 0.01 0.11 0.01 0.01 
Total Sugarse  60.0 62.0 64.9 -70.1 62.5 -4.0 35.46 0.01 0.20 0.01 0.01 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; lactation  wk 2 and 3. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1  control plus 0.1% Allzyme VegPro®. 
c Root Mean Square Error.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS, except sucrose, which was analyzed with Logit Ordinal Multinomial Model from SAS. 
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APPENDIX 11: CONTINUED. 
 
 
LSMeans for total tract digestibilities (%) comparing gestation against lactation. 
Perioda Gestation Lactation  Combined P- valuesg 
Item         Dietb: Control Enz 1 Control Enz 1 Control Enz 1 RMSEc Period (F) Coll(F) Diet Diet X P
   N 10 10 3 2 13 12     
DM 91.9 92.0 92.3 91.3 92.1 91.7 1.02 0.83 0.18 0.43 0.30 
N 90.0 90.6 91.0 89.7 90.5 90.1 1.26 0.96 0.47 0.58 0.15 
GE 93.5 93.8 93.8 92.6 93.6 93.2 0.91 0.37 0.26 0.35 0.14 
ADF 81.2 82.8 72.0 73.0 76.6 77.9 6.87 0.02 0.29 0.73 0.94 
NDF 76.2 71.9 70.9 75.1 73.5 73.5 6.70 0.76 0.30 1.00 0.24 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Raffinose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Stachyose 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Raff + Stachd 100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
Total Sugarse  100.0 100.0 100.0 100.0 100.0 100.0 - - - - - 
a Early gestation  wk 6 and 7; late gestation  wk 12 and 13; lactation - wk 2 and 3. 
b Dietary treatments: Control  semipurified diet with SBM; Enz 1 - control plus 0.1% Allzyme VegPro®. 
c Root Mean Square Error; when all observations from a response variable were similar, no statistics were computed and data were presented without error term 
or p-value.  
d Raffinose + stachyose. 
e Sucrose + raffinose + stachyose. 
g Data were analyzed with GLM procedure from SAS. 
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APPENDIX 12: LIST OF ABREVIATIONS 
 
ADF - Acid detergent fiber 
ADG - Average daily gain 
BW - Body weight 
CF - Crude fiber 
CP - Crude protein 
CSBM  corn/soybean meal 
DE - Digestible energy 
DF - Dietary fiber 
DM - Dry matter 
FSH - Follicle Stimulant Hormone 
GC - Gas liquid chromatography 
GE - Gross energy 
GI  Gastrointestinal 
GLM  General linear model 
GnRH  Gonadotropin releasing hormone 
HPLC - High performance liquid chromatography  
IGF-1  Insulin like growth factor 1 
IU  International unit 
LH - Luteinizing hormone 
LMW - Low molecular weight  
ME  Metabolizable energy 
MI - Myoinositol 
N - Nitrogen 
NDF - Neutral detergent fiber 
NDO - Non-digestible oligosaccharides 
NE  Net energy 
NSP - Non-starch polysaccharides 
RFO - Raffinose family oligosaccharides 
RMSE  Root mean square error 
   
  149
SBM - Soybean meal 
UDP - Uridine diphosphate 
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